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THE PETROGRAPHY AND GENESIS OF THE 

SEDIMENTS OF THE UPPER CRETACEOUS 

OF MARYLAND 

BY 
MARCUS 1. GOLDMAN 

Intboductobt 
The object of this chapter is to present the reenlts of the detailed study 
and the mechanical and microscopical analysis of a few typical sediments 
from the Upper Cretaceous of Maryland. Work of this kind is merely 
an exteusiun of petrography to the sedimentary rocks; yet it has hitherto 
been so little practised that most geologists hearing the term petrography 
think instinctively of crystalline rocks. This comment is made in order 
to forestall an attitude of mind towards what follows that is very gen- 
eral, namely the belief that after such an analysis of a sedimentary rock 
it is possible to determine the conditions under which the rock originated. 
That is, of course, the ultimate object of such work, yet it is no more 
implicitly the immediate result of the study of a given rock than the 
study of a given crystalline rock in the beginning of that science was the 
direct key to the origin of the rock — or is to-day, for that matter. If 
decades of study of conglomerates, whose composition is apparent to the 
unaided eye, leave many fundamental problems concerning this rela- 
tively simple type of rock still unsolved, it is not to be expected that 
microscopic knowledge of facts of the same kind about the sedimentary 
rocks of finer grain will suddenly reveal the conditions of their origin. 
In fact, for these finer-grained rocks, as for the conglomerates, field study 
of their larger geological character!!, tliL'ir variations vertically and hori- 
zontally, tlie form of the whole mass, its relations to adjacent beds, and 
other features must remain as important as the laboratory analysis. But 
a more detailed knowledge of the composition of the finer-grained sedi- 
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mentary rockB Ib (lesirftble than the current terms, sandstone, shale, sandy 
shale, tuff, limestone, or even more circumscribed terms like chalk, green- 
sand, etc., afford; and from the awakening interest in this subject it is 
safe to expect that before long every stratigraphic study of a limited 
region wilt contain descriptions of the composition of the sedimentary 
rock» involved. Every such study will bring out some significant facts 
regarding the origin of the particular rocks, but for a satisfactory final 
interpretation of the conditions under wliich the rock originated it will be 
necessary to have accumulated an extensive series of analyses of modem 
sediments of all possible varieties. Comparing then the ancient sediment 
with the modem ones, the conditions of whose origin will be more or less 
completely known, it will be possible by Jiuding the modem sediment that 
is most similar to determine the conditions under which the ancient sedi- 
ment in question was formed. On the other hand, the sediments of the 
past offer some opportunities to the investigator that are lacking in the 
modem. For in the subaqueous sediments of to-day only what is at the 
surface, or a few feet below, can be examined. Of the ancient sediments, 
however, it is possible to obtain sections in which the changes both vertical 
and lateral can be followed out, and thus knowledge gained which could 
be gathered from sediments in process of formation only through cen- 
turies of observation or through periods too long for consideration. Thus 
the two branches of the study must advance together, each throwing light 
on tlie facts of the other, and the two pointing out to each other the 
problems that require special attention. 

It is this consideration that has led to the attempt to interpret freely 
the facts obtained in the present study in the belief that an investigation 
is valueless until some conclusion has been dranni from it, and that the 
investigator who has accumulated the facts is in the most advantageous 
position for interpreting them. These interpretations, however, are put 
forward most tentatively and with the greatest possible reservation. 

While the published literature describing modern sediments is not 
inconsiderable,' it is not of much value for the Cretaceous sediments 

* For a very full and up-to-date bibliography, see Andrte, K., Ueber Sedlment- 
btldung am M«ereaboden Oeol. Rnndecbau, voL 3, 1912, H 5/6, pp. 324-338. 
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because most of it deals with the deposits of the deeper ocean, little with 
the deposits near and adjacent to the mouths of rivers. Probably no inves- 
tigator of modern sediments has had the geologic bearings of the study so 
forward in his mind as Thoulet, and it is his publications therefore, limited 
in extent though the work of one man must be, that are of most value 
to the geologist. Foremost in his work in this connection stands the 
recently published monograph, with colored maps, of the sediments of 
the Gulf of Lyon ; ' and the work of his pupil Sndry ' on the lagoon of 
Thau in the same region is, as subsequently pointed out, probably of par- 
ticular bearing on the Matawan. (See especially sample 8, below.) 

References to such studies as have been made of near-shore sediments 
will be found in Andrfe's bibliography, but as far as I know the only syste- 
matic and continuous investigation of this type, and the only one whose 
results are expressed in the tangible form of a map is that by Thoulet of 
the Gulf of Lyon. In fact it is, I believe, the need for studies of this 
kind that inspired him to carry out the work. 

The Method of Analysis 

La all essentials it is Thoulet's* method of analysis that has been fol- 
lowed in this investigation. 

In a general way three main types of procedure in the analysis of unin- 
durated sediments, whether ancient or modem, may be recognized. The 
first is the method of elutriation in which a separation, mainly of the clay 
and finer parts from the sand, is made by subjecting the sample to a rising 
current of water whose velocity is known and can he regulated. This 
method cannot be used, however, to subdivide material finer than ^ mm., 
because finer particles settle too slowly to oppose any velocity of current 

' Tboulet, J., Btude bath yllthologl que dee cfltea du Oolfe du Lion. Annalea 
de I'lnst OceanoKrapb., T. Iv, Fasc 6, Paris, 1912, 63 pp. Mapa. 

'Sudry, L., L'EtanE de Thau. Ann. de I'Inat. OcSanograph., T. 1, Faee. 10, 
Monaco, 1910, ZOS pp. 

' Thoulet, J., Precis d'analyse dea tonds sous-marlns actuels et ancleas. Parts: 
Cbapelot et Cle, 1907, 220 pp.— — Inetructiona prallgueB pour I'^tabllsaement 
d'une carte batbymStrique-lltlialoglque aoue-marine. Bull, de I'Inat. Oc6aii- 
ograph.. No. 169, Monaco, 1910, 29 pp. 



lizcdbyGoOl^Ie 



114 The Petbookaphy and Genesis op Sediuekts 

that is practically attainable. Theoretically there would eeem, however, 
possibilities of its unlimited extension to finer sizes in the centrifugal 
elutriator of Yoder,' in which the velocity that the particles oppose to the 
current is greatly increased by centrifugal force. 

The second method, developed by Mitscherlich," determines the rela- 
tive internal surface of a soil. There are two distinct procedures for 
arriving at this quantity. The first is based on the fact that when water 
is brought into contact with a perfectly dry porous or powdered substance 
a certain heat is developed which is a function of the int«mal surface of 
the substance. The finer its particles the greater, of course, will this 
surface be, and the greater, therefore, the heat developed. In practice it 
is more convenient to adopt the second procedure, which determines the 
hygroacopicity of the substance, that is, the amount of water which the 
material will take iip out of a saturated atmosphere. This quantity, as 
explained by Mitscherlich, is also supposed to hare a definite relation to 
the internal surface.' 

The third metiiod, and the one most generally employed, is that of 
sieving the sands in conjunction with washing out the mud. It is to tiiis 
group that the method of Thoulet belongs, as well as that of Murray, the 
U. S. Department of Agriculture, and others. To these methods are 
added certain accessory procedures (the essential part of some less gen- 
erally practised methods) such as treatment in heavy liquid, by the electro- 
magnet, with acids, etc. 

There is no room for lengtiiy discussion of the relative values of these 
three methods; but for the purpose in hand the method by elutriation is 
theoretically and practically the most satisfactory,' since it classifies the 

' Yoder, P. A., Bull. No. SB. UUh Exper. Sta.. 1904. 

'Mitscherlich, E, A., Bodenkunde, Berlin, 1906, pp. 49-70. 

* An attempt to eliminate the effect of the internal surface of the particlei 
(that IB minute flaaures or pores in them) has been made by Cram Scheefer: 
Elne Methode lur Bestlmmung der ausHereo BodenoberOAcbe. Dissert KonlKa- 
berg. I, Pr., 1909. 

'Thoulet, Pr4clB d'analyse (op. cit), 65-87.— HI Igard, E. W., Soils. 1906, 

pp. 90-93. Rlea, H., Claya. 1808, pp. 113-llB. Andrfie. K., Ueber Sediment- 

bildnng am Meeresboden (op. cit.>, pp. 360, 361. 
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sediments by the relative settling velocities of their constitiients, which is 
the significant factor in sedimentation, and, on account of the time allowed 
for working over tlie material in the elutriator, lends to elasaify them very 
successfully. Its defect is the great amount of distilled water, time, and 
attention it requires. The method of determining surface by heat of 
moistening or hygroscopicity seems to have the defect that it gives only a 
single value for each sample, so that sediments made up of very different 
proportions of the various sizes might yet give the same results. It is 
really a method that has much more significance for soils, for which it was 
devised, than for sediments to which it has, however, been very recently 
applied.' 

The method here followed, which is that of Thonlet with some modifi- 
cations as will be noted, is essentially as follows: A large portion of the 
sample is first passed through sieves with respectively 3, 6, and 10 meshes 
to the inch, and the portion retained is classed as gravel, though con- 
cretions of these sizes should of course be separately considered. As a 
matter of fact, none of tiie samples contained any gravel that would not 
pass the 3-mesh sieve; very few, indeed, any gravel at all, and then only 
very little. As the material was dried at 106° it was necessary to know the 
proportion of gravel in such dried material, but it would not have been 
pratical to dry the large portion required for gravel detennination. The 
whole lot was therefore weighed merely air-dried, and at the same time 
a small portion weighed separately, dried for abont eight hours at 105° C, 
and the percentage loss in drying determined. This loss was tiien applied 
to the large lot in which the (gravel had been determined. For the rest 
of the analysis about 10 gm. of the sample, if necessary crushed some- 
what in order to facilitate drying, is dried for about eight hours at a 
temperature maintained as nearly as possible at 105°. The sample was 
cooled in a dessicator and weighed rapidly; but the avidity with which 
the dried samples took up moisture gave an accuracy of not more than 
6 mg. to 10 mg. The balance, moreover, that was used for the later 

' Ktlpiiers, G., Physlkallscbe u. tnlneralogtsch-geologlscbe Untersuchung von 
Bodenproben aua Ost- u. Nordsee. Wise. Heeresunterauch. Herausgeseb. v. d, 
KommlBH. z. Untereach. d, deutacb. Meer«, etc., 1908, N. F., vol. x, pp. 1-11. 
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analyses did not have a reliable accuracy of more than 5 mg., which ia 
the smallest unit to which weights were then recorded. The sample was 
next washed into an S oz. milk-steriliziog bottle with water and generally 
a little ammonia to help disintegrate the clay. The bottle was then shaken 
on a rotary shaker. This is simply an axis to which a board is fastened. 
The bottle is attached to the board at right angles to the axis with tlie 
middle of the bottle over the axis, so that when the axis is rotated the 
sediment and water, which should lees than half fill the bottle, flop from 
one end of the bottle to the othor twice in one revolution and by this 
jarring the sample disintegrates. The method seemed fairly effective; 
just how effective it is hard to say. Certainly in some of the samples 
tliere was a perceptible amount of clay granules, a little in all ; they are 
mentioned in some of the analyses that follow, though they are not con- 
sistently recorded. But it is a question whether, in some eases at least, 
these clay granules axe not an essential part of the sediment representing 
some kind of growth or concretion in the clay. That there is a possibility 
of the existence of snch concretions is indicated by the round, clay-like 
granules with faint aggregate polarization that were found in a few of 
the samples (see sample 4) and believed to represent a stage intermediate 
between tlay and glauconite. Tho uncertainty prevailing in the whole 
matter appears from the difference of opinion concerning the best method 
of disintegrating clay, Mitscherlich, e. g., recommending that the sample 
be boiled some fifteen minutes, while others say that only luke-warm 
water should be used, because hot water coagulates the clays. 

After being shaken ten to thirty hours, according to the apparent 
amount of clay in the sample, the material is washed out of tiie bottle into 
an evaporating dish of 13 cm. diameter. Here it is allowed to settle for a 
while, tlie mud decanted into a 1500 c. c. separating funnel, hot wash 
water added in the evaporating dish, the settling and decantation repeated, 
etc., several times. The length of time during which the material was 
allowed to settle varied for different samples and decreased for each suc- 
cessive dccantaioD. If the sample was muddy the writer started with 
Jifteen minutes, allowed ten minutes on tlie second settling and so on down, 
depending somewhat on the observed rate of clearing of the upper part of 
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the suspension. This appears to have been more time than Thoulet 
aUowed, but it was probably on this account tiiat very little reKidue from 
the material tapped from the separating fuunpl was obtained. Another 
Blight adaptation of Thoulet's method consisted in fixing the time for the 
last settling at thirty seconds. That is, all the " sand " and " silt " had to 
settle in that time. This period was chosen on the basis of practical 
experience with the samples, which showed that the interval was sufTicient 
to allow all but a certain cloudiness to settle out. In many samples, how- 
ever, it was found that there was a sort of transition material which not 
only had a different appearance from the ?and but also did not seem to 
settle with the same promptness as the sand, forming a sort of interme- 
diate constituent. Microscopic examination justified this conclusion as, 
according to the constitution of the sample, irregular glauconitic frag- 
ments, limonitic fragments, or small clay flakes secondarily cemented 
appeared in this intermediate product. The determination of the amount 
of this product settling in thirty seconds but not in ten, was most 
unsatisfactory, since the quantit}' depended largely on the amount of 
water in the evaporating dish, the temperature of the water as affecting 
convection currents, and probably other factors, so that it was possible 
to wash back much of the material that had once been washed out, and 
vice versa, by continuing washing to keep on almost indefinitely washing 
out a little more silt from the sand. Any absolute value, of course, the 
portion settling between thirty and ten seconds has not in any case, since 
it represents no distinct pure protluct of any kind ; but even its relative 
amount in different samples has no great precision. Actual results, how- 
ever, as given in the following analyses, show that the differences in 
quantity are marked enough in some cases to indicate roughly tlie amount 
of this product, and thus to give some indication of the extent of the 
processes — in most cases probably subsequent to the formation of the 
sediment — which have produced it. Besides, since the material is finer 
grained than the extra fine sand, it is, in the end, according to Thoulet's 
classification, counted with the clay to determine the amount of mud, so 
that the separation of it does not affect the final numerical result. 
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The clay waahinga in the large separator funnel were allowed to settle 
for about half an hour, the settlings tapped and rewashed for any sand or 
silt that might have escaped the first vashing. The amount, as indicated 
above, was usually very small. This method of separating sand and 
" clay " is in principal entirely similar to the mettiod of the Bureau of 
Soils of the XJ. S. Department of Agriculture.* The use of the centrifuge 
by the Bureau of Soils merely hastens settling. Their method differs 
mainly in having definite size limits for the finer portions of " silt " and 
" clay." But the analysts of the Bureau of Soils themselves recognize that 
a perfect separation is never attained and that it is indeed theoretically 
possible only if all the particles treated have the same density and shape. 
But if other (conditions remain constant the same result is attained by 
allowing the particles to settle a definite length of time through a ilxed 
distance, so that theoretically the method of Thoulet, as used, gives the 
same results, even though time of settling instead of prevailing size of 
particles settled is used as the determining factor. 

In general, it must be said, and is admitted by all students of sediments, 
that all such mechanical methods of separating sand and " clay," while 
they allow valuable comparison, are, from a scientific standpoint, still 
moat tmsatisfactory. It is now generally believed that the colloidal state, 
in which true clay may be assumed to be, is merely a certain state of sub- 
division between fairly definite limits (100^ to lO/i/t) in a continuous 
series from grains visible to the unaided eye to molecular solution. If this 
is 80, then any separation of what might be called true clay, even if it were 
mechanically possible, would still be somewhat arbitrary. Moreover, 
there is some reason to doubt that in a natural sediment there actually 
exists such a continuous series rather than a mixture of certain definite 
coneituents or groups of constituents each with its own size limits, the 
limits overlapping more or less. 

ITie ideal solution of the problem would be to establish a curve showing 
the rate at which the settling of the constituents of a given sediment 
progresses. That different constituents can be differentiated in the finest 

•V. a. Dept. Agrlc. Bureau ot SoUs, Bull. No. 24, 1904; Bull. No. 84. 1912. 
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portion by this method is indicated by the work of Mohr,' who carries 
his settling to periods of several weeks. But he too separates between arbi- 
trary limits ajid his curve is therefore not continuous. Moreover, his 
results show that in the very finest portions some furtiier differentiation 
could probably be made. 

To go into a more detailed discussion of methods other than the 
mechanical for the differentiation of tiie constituents of argillaceous sedi- 
ments would not be in place here. Eeviews and discussions of such 
methods can be found in a paper by Strenune and Aamio, " Die Bestim- 
mung der anorganischen Kolloide," etc., Zt. f. prakt. Geol., vol, xix, 1911, 
pp. 339-335, and van der Leeden und Schneider, " Ueber neuere Methoden 
der Bodenanalyse u- der Bestimm. der Kolloidstoffe im Boden," Int. Mitt, 
f. Bodenkunde, vol. ii, 1913, pp. 81-109, in which, among others, the 
method of Mitseherlich referred to above is discussed. There may also be 
much to be learned about the colloidal matter by the method of staining 
and microscopic study in which a beginning has been made by Hundes- 
liagen.' But Jt may be said in conclusion that the analysis of clay-bearing 
sediments on a scientific basis, tliat is, on the basis of their natural con- 
stituents, has not yet been attained. 

To continue the description of the method of analysis that has i>een 
employed in the present study, the clay suspension in the funnel was 
tapped into a large evaporating dish. Thoulet, who, working with fresh 
modern sediments, was not obliged to add ammonia to disintegrate, t^en 
added a few drops of alum solution to precipitate the clay, settled, siphoned 
off as much of the supernatant water as possible, and evaporated to dryness 
over a gentle heat. As ammonia was used in most of the present analyses, 
it had to be neutralized, which was done with hydrochloric acid. Per- 
formed at first approximately, this neutralization produced irregular 
results due doubtless to solution with an excess of acid, while to neutralize 
exactly was very tedious. Moreover, experiment with one sample showed 

' Mohr, E. C. Jul., Mechanlsche Bodenanalyse. Bull. DApt. de VAgi. auz Indefi 

Neerlandalses No. 41, Bultenzorg, 1910, 33 pn. ErgebnisBe mech. Analysen 

troplacher BSden. Ibid. No. 47, IBll, 73 pp. 

' Hundesbagen, Ueber die Anvendung organlBCher Farbstoffe zur dlagooati- 
schen Faerbung mlnerallaclier Substrate. Nenes Jahrb. f. Mln. etc. Bellage-Bd. 
ZXTIU. 1»09, pp. 33E-378. 
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that hot water dissolved a small portion of it, partly salts, partly a tough, 
almost white, colloidal substance, so that in the later analyses the whole 
quantity was evaporated down on a steam bath. The dried clay was 
scraped out of the dish wJth a steel spatula, a process which always 
involved some loss, partly from a small residue that adhered, partly from 
dust that was carried away. The clay was then dried for eight hours or 
more at about 105° C, cooled in a desiccator and weighed as rapidly as 
possible. 

The sand separated from clay and silt was air-dried, weighed and then 
passed through a series of sives made of bolting cloth with approximately 
30 (28), 60, 100 (97), and 200 meshes, respectively, to the inch.* 

Following, according to Thoulet's observations,' are the minimum sizes 
of the materials held back by the diiferent sieves : 

= Coarse sand, 

30 0.89 mm. 

= Medium Band. 

60 0.45 " 

= Flae sand. 

100 0.2S " 

= Very fine aand. 

2D0 0.04 '■ 

= Extra fine sand. 

Even this simple process of sieving is not quantitatively absolute which, 
as indicated above, is one of the reasons for preferring the elutriation 
method. The two causes are: most important of all that the grains are 
not round ; a minor factor that the meshes, especially in the finer bolting 
cloths, are not uniform. As a result of the irregular form of the grains, 
very long grains with a short diameter less than the mesh opening will 
pass, and with prolonged shaking very many of them. The duration of the 
sieving is, therefore, a matter of accommodation based largely on personal 
judgment and experience. The procedure was to stop when the grains 
that came through were predominantly elongated. But this stage will be 

■ The figures In parentheses are the given meehea, according to trade num- 
bering, which were the nearest that could be obtained. The actual mesh, ac- 
cording to measurement, Is still somewhat different, In most cases fewer 
meshes per Inch or larger openings. Protessor Thoulet was, however, good 
enough to assure the author tbat these were quite accurate enough. 

'Thoulet, J., Precis d'analyse (op. clt), p. 64, 
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reached much eooner with the coarse than with the finer eizes. As the 
coarse material was, besides, usually less abundant the coarsest size was 
not generally shaken more than a minute, while the finest, tiiat is, that on 
the 200-mesh sieve, when it was abundant required sometimes more than 
half an hour. The amount of shaking that each size receiveiJ depended 
on the abundance of the material of that size, the sizes being successively 
removed from the nest of sieves, in the order of their fineness, while the 
finest was continued until observation, with the hand lens, of the material 
passed showed that predominantly elongated grains were coming through. 
The sieves were shaken by hand. The Department of Agriculture uses a 
mechanical shaker in which the sieves are left for about three minutes. 
Thoulefs principle is to continue shaking until a considerable shaking 
passes only a uegligible amount of material,' as it would require an 
excessive Itngth of time to produce an absolutely complete separation 
of the finer sizes. But his limit, which is also only approximate, agrees 
quite closely with the present, since, when dominantly elongated grains 
come through, the rate of separation is very slow. The products of sieving 
are weighed and put aside for study. 

Finally the " very fine sands " are separated according to their specific 
gravity by means of Thoulefs solution, of a density slightly greater 
than 2.7. The most serious defect of this separation in the rocks studied 
was due to the glauconite. Fresh glauconite is lighter than all the feld- 
spar and quartz, so that it remains in the light portion and can subse- 
quently be in turn separated by its density. But in all the glauconitic 
rocks considered in the following the greater part of the glauconite sank 
with the " heavies " and was made up of grains ranging in density in 
many eases from less than 3.7 -|- to higher than 3.00. This is doubtless 
due to weathering effects. An exact determination of the amount of 
glauconite by weight was therefore impossible, and even the fairly close 
approximations that were obtainable with a solution of specific gravity 
of 3.00 and the electro-magnet to be mentioned below, are not quite com- 
parable on account of the difference in density of the lots from different 

'Thonlet, J., Preds d'analyse (op. clt), p. 64. 
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samples. The importance of coneidering the glauconite separately is, 
however, evident, since in many of the samples it has been formed in place 
and not brought in like the rest of tiie material. 

Except for separating the glauconite the electro-magnet plays no 
inherent part in the analysis of the samples. It has been nsed merely to 
segregate different minerals in order to facilitate the study of them. The 
magnetic permeability of different minerals is distinct, so that, by intro- 
ducing various resistances in the circuit of the magnet, they can be segre- 
gated. Thoulet has for his magnet a table showing the current that will 
attract eacli mineral, but this varies so with the particular constitution, 
and doubtless also with the amount of decomposition of the mineral, t^at 
it affords only an approximate indication in practice. It was found most 
practical to try different strengths of current and examine the product 
with the hand lens, until a satisfactory separation was obtained. One of 
the most refractory minerals in both the gravity end magnetic separation 
is mica. While it tends to accumulate in certain portions, the segregation 
is always far from perfect, and, moreover, in transferring it there are 
always losses said to be due to static electric charges which cause it to 
adhere to the surfaces with which it comes in contact. This very static 
electric property can be used to separate it from other minerals, but 
this procedure has not been applied in the present study. 

While the method thus described includes all the steps employed in a 
complete analysis it appeared, when the results began to accumulate, that 
some of tJie separations could not yield information of any value in certain 
sediments, or at least that more results of importance could be accumu- 
lated by not making each analysis so systematically complete ; hence in a 
few of the later ones some of the steps are omitted. 

The quantitative results of the mechanical analyses are represented in 
the diagrammatic form (pp. 1G9, 170) so effectively used by Mohr in the 
papers referred to above.' The constructiou of these diagrams is very 

'While Mohr devised these dlagrama quite Independentl?, exactly the same 
type of diagram, dlllertne only in scale, was used at an earlier date by J. A. 
Udden, " The mechanical composition of wind depoalta." Augustana L-Ibrary 
Publ. No. 1, 1S9S, 69 pp. 
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simple. The amount of each portion is represented by a vertical column of 
which the height corresimnde to the percentage of the portion preaent in 
the whole sample. The colmnns are all of the same arbitrary width and the 
8uccessi?e sizes are placed side by side, the vertical boundaries between 
them being the limit of size that separates them. Their significance may 
be most readily conceived by imagining the columns to represent small 
sample tubes containing the different portions and placed side by side in 
order of their size of grain. 

Finally, mention must be made of a serious defect in the aitire analysis 
of many samples, which arises from the abundance of carbonaceous organic 
matter present. Even a determination of it by quantitative analysis, if it 
did not involve an amount of time disproportionate to the advantage to 
be derived, would probably not give entirely accurate results. Keilhack ' 
describes a common method of determination by burning off the carbon- 
aceous matter, but this has so many defects that it scarcely seems worth 
using. It is probably largely on this account that the Bureau of Soih of 
the Department of Agriculture takes no cognizance of carbonaceous 
matter, which practice has been followed in the present study. However, 
a specific gravity separation might be used here to float off the carbon- 
aceous matter, at least in the sands, with results of a degree of accuracy 
equal to that of the other separations. Certainly in some of the sediments 
that in the following pages have been called of the " delta " type the pro- 
portion of carbonaceous matter is so great that it interferes seriously with 
the value of the results of the analyses. 

' Kellback, Lebrbncli der praktischen Geologle, 1908, p. 640. 
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The Analyses 

SAMPLE NO. 1 (FIG. A, p. 108) 
Serial number' ; 7. 
Field □umber : l»-10-2-ieil. 
FormBtloa : Ma^otby. 
Locftllt}- : BetterCOD. 

Appearance : A compact, maaalre, bomogeneoua, slightly KrwaUh-Kray. flac-graiaed. 
micaceous, arglllaceoui sand. 

Mechanical Analisis 
Bample H.MO g m. 



Claj 26.1 

99.5 



Coarae aand 4 

Uedluffl sand T.O 

Bine sand 14.4 

Vecj Une saod 4S.3 

Extra flue aand 33.2 

Total 100.3 



Ught 89.8 

HeaTj 10.0 

»0.g 
MaOhKTiC SbfmuiiOn Per cent of 

Attracted at 2000 obmi 43.6E 

a.O.>8.002 18% 

S.G.<B.002 (glancoDlte) B0.2%=32.8B% of hesTlea 
= 3.20% of very One 

Attracted at full current 37.10 

S.O.<3.002 (m1ca)=2S.4S% of beiTlm 
8.G.>3.002 largely pyrlte coacretloDB 

Non.masoetlc 1.70 

Magnetite 17.40 ■ 

99.85 
DESCRIPTION OF PRODOCTB 

Tbere is very much carbonieeODs plant matter wblch RiTea all the aanda a dark, 
blacklab-gro; appearance. 

Tbe coatae, medium, and flne-gralDed aanda all aboir a considerable proportion of well- 
rounded and amootbed quarti gralna. Tbey are all tbree speckled witb tbe arglllaeeoos 
grains described under the yery line llgbt portion, tbe proportion of tbeae Increailng 
Id the finer portions. Smooth llmonltic gralna occur Id all of the portions, perhaps from 
the alteralloD of glaacoolte grains. HeaTy minerals seem to be very scarce In (heae 
coarser iiOFlloua though mica Is scattered through the " Une-srsinpd " sands. 



-dec vhlch is stratigraphie. 

■ High magnetite. 

■ MagDiflcatloD x 10. 
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B. Dndeb tri Micboscopb 
/. Vtry Ftitt fiSNd 

(1) Usbt 
aatlo ot quart! to feldspar estimated 00 : 10.' 

With the light portion there la separated an abundance of gralaa of a traaWnceDt to 
opaque. bnmuB-brown subetatm full ol Bmal] dark grannie*. The gubetuce U laotroplc, 
tndei of refraction I.SG-l.Se. It crushea plaatlcally under the kulfe. Probabl; It Is ■ 
combination of orRaalc and Inorganic colloidal matter, with InelUBlODi ol grannlca Ihat 
may be both mineral anil carbonaceona but are not [reah mlueral grains. 

(2) Heavy 
Dominattt. — Olauconlte In worn grains ; percentage as given. 

iltuttdant. — Magnetite, garnet epldote. muKovite. pyrlte In granular concretlona. 
Rarvr. — TaomiBllne, itaarollte, chlorite, blotlte, topai. lutlle. solalte, tlrcon, euatatlte. 
kf unite, onataae (dumortlerlte?). 

The well-rouaded lorm of the magnetite gralni le noteworthy. 

//. Finer Porttoni 
The BDer portloni (extra One. allt, and cla;) ahow little of ap«clal Intereat. The 
Cla; la gray with a atron^ bumiu-brown alaln, and contains unusoall]' much of a dirtj 
flbroua matter tbat ia common In man; of the aamplea. 

Summary and Condtmons. — Noteworthy are: 

( 1 ) The abundance and variety of heavy minerals. 

(2) The high percentage of magnetite with associated garnet and 
epidote. 

(3) The fact tbat the glauconite ia all rounded, t. e., reworked. 

(4) The rounded clay-like graiuB. These may be merely nndiBiate- 
grated clay, though their abundance would seem to indicate some 
concretionary process, perhaps the first stages in the formation of glau- 
conite, as will be explained in the general discossion of glauconite (see 
p. 176 below). The abundance of pyrite in the sample, however, suggests 
that pyrite may have something to do with the formation of tiiese granules, 
though I believe such a process has not hitherto been recognized. 

(5) The pyrite concretions, Pyrite concretions are, under certain 
coDditionH, formed in waters in which abundant organic matter ia 
decomposing. 

(6) The lack of sortiog indicated by the abundance of several different 
sizes of sand and the high percentage of magnetite and garnet. 



■The ratio of quarta to feldspar was determined bv making several eonnta. In different 

arts or the slide, of all the grains in the Qeld of view of a No. * objective and deter. 
lining the number of these that were fetdspara. The feldspars were rather readily picked 



er. to Indicate the relative abundance In different samples 
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8AHPLE NO. 2 (f IG. B, p. 169) 

Serlsl number : 10. 
Field numlwr : ]'-10-2-ieil. 
FormBllon ; Magotb;. 
Locality ; Bet1«rton. 

AppvArance : A bird, blue-gray, faintly laminated clay In layen about 1 loch (bi 
saody par tinge. 

Mechanical Analisir 
Sample 14.0C0 gm. 



Clay 

Total 



Coane land 0.7 

Hadtnm aaud 6.S 

Flo« aanfl 6.3 

Very flne aand 4S.9 

Extra line aaod 42.7 

ToUl 100.2 



Light 87.B 

HeaTy 12.4 

Total 66.9 

DBBCRIPTION OF PRODUCTS 

A. Dhdek the Hand Lens 

The coarse portion Is only cartMnaceoua matter ; tbe medlum-gnliied CDnlslnB. In 
nddlllon, Rmall rounded pyrlte nodulea, grains and flakei ol arglllaceouB matter, but as 
primary mlnerala only a few flakei of mica. The fiae-gralned contalni more of tbe 
clay grains, and mica moce abundant and In greater Taiiety, tbere being chlorite aa n'^ll 
aa moacoTlte. 

B, TjNDtK THE HlCBOSCOPB 

I. Very Flue Sand 
(I) Light 

Qnarti : feld8par=8B : 16. 

Bealdea feldapar and quatli carbonaceous fragments and arglllaceoas grains aa In tbe 
coaraer portions, are Important constltnents. Theae two conitltuenta are. In fact, so 
abundant that they Interfered with the study of the quarli and feldspar. A portion was 
therefore Incinerated and with the aid of this Incinerated portion the followlDS facts 
could be determined. 

Tbe plact (ragmenta appear In two formi. one black and opaque, the other brown. 
tranalncent. and generally showing some organic structure. The Incinerated portion 
turned from black to red. Under the microscope II wns then found thai most of the 
opaque blsdi fragments had disappeared but the brown Irsnslncrnt remained with all 
their stmcture, hsTlng apparently only turned red. It may tie that aome of the trans, 
lucent bad also disappeared but the eesentlal point la that many of them, at least, were 
evidently permeated, or perhaps partly rr'pleced, by some Iron sail which on Incineration 
preservell the form of the orlglnsl plant traxmenl. 

Here too tbe clay grains, found In the other portions as well, could be studied under 
the microscope. The facts about them may therefore be summarized. They are round 
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or flak; Id form. The Bmaller alies are trangluceDt, or 
■mall opiqne flaliea and graiuB. They crueb plaatlcallj 
no new characters. 

Eaaenttallr the; are probiih]; true cln; and tbelr apitearance la that ol the greater 
part of what 1b separated hb clay. But It 1« important to know whether they are merelj 
undls Integrated portions of clay, or whether they are minute concretlonB. The flaky 
torm of many of them supports this latter hypothests, suggesting their formation In 
moulds such as the plant fragments might afford. Kor the present. howeTet, Ibe ques- 
tion must remain undecided. 

(2> Heavy 

The heavy mlaerals are : 

abundant. — Muscovite, ehlorlle, serpentine. 

Jiarer. — ToormsUne, glauconlte, garnet. 

BasentlBlly the heavy portion la muscovlte. with some ehlodte and serpentine, 
tourmaline and garnet being exceeding!.? rare. Of glauconlte tbere arc very fen grains, 
many of tbem weathered yellow. 

II. Silt 

Dark dirty, hrowDlsb-black. micaceous. The dark culur nppcara to be due mainly to 
the great amonnt of black cnrlwoaceous matter whlcli Is probably responsible for the 
high percentage of elll separated from this sample, though the large proportion ol the 
flnest-gralned aands Is probably also a factor In this result. The carbonaceous matter 
not only contributes to Ibe allt Itself but also catches up many grains of flue sand which 
are floated off with It. There Is very little argillaceous matter and that Id Irregular 
flocules. not In the rounded grains noted In the very One light portion. 

Summary and Conclusions. — Noteworthy are : 

(1) The very small proportion of sands and the large proportion of 
clay. 

(2) The very high proportion of carbonaceous matter. 

(3) The granules of argillaceoue matter and the pyrite (Mncretions 
as in sample 1. The sample seems txi be, like sample 1, high in heavy 
minerals, but this is deceptive since micas are the principal constituent of 
the heavy portion, and these in spite of their specific gravity are classed, 
in tiie processes of sedimentation, rather with the light and fme-grained 
minerals. 

SAMPLES NO. ] AND NO. 3 

General Summary and Conclusions. — While sample 2 is markedly dif- 
ferent from sample 1 in the much lower percentage of sand, in the general 
dominance of the fine-grained materials, and in the scarcity of heavy 
minerals other than mica, it still has in common with it certain features 
that are essential. Foremost among these is the wide range of size in the 
aands ; for while these are dominantly finer-grained they do not show that 
dominance of any one size that is characteristic of the most typical marine 
sediments which have been subjected to the sorting action of strong waves. 
This is at once apparent from an inspection of the diagrams of these two 
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Bediments (A) and (B), p. 169, with the diagrams on p. ITO, representing 
various types of deposits. The high percentage of carbonaceous matter is 
also a characteristic of both samples. Both contain concretionary pyrite 
grains or small nodules, and in both ttiere are the peculiar clay granules 
that have been noted. 

Before interpretation of the beds is attempted their manner of occur- 
rence in the field should be taken into account. This is characterized 
above all by the rapid and rather extreme alternation of the beds between 
the two types, sandy and argillaceous, as fairly well represented by these 
two samples. Carbonaceous matter is conspicuous, also micaceous beds, 
while thin films of whitish sand between the beds are a characteristic 
peculiarity. 

The mechanical analyses of sediments, that are represented on p. 170, 
are not numerous enough nor sufficiently correlated with the exact condi- 
tions of their formation to justify direct matching of the above analyses 
with them. They illustrate certain general factors in sedimentation rather 
than definite types of sediment, and this first discussion of them may 
therefore be made a general introduction. 

The principal factors in the diagrams are: (1) The maximum, that is, 
the predominant portion. Both the extent to which it exceeds the other 
portions as an indication of the degree of sorting of the sediment, and the 
size which it represents as indicating the strength of the sorting agent are 
significant. (2) The sharpness of the " curve," as Mohr calls it, on each 
side of the maximum, that is, the extent to which the maximum exceeds 
the portions on both sides of it. (3) The general form of the curve, espe- 
cially whether it shows more than one maximum. This last feature, how- 
ever, while theoretically important is evidently very much influenced by 
the degree and limits of subdivision of the sample. In the diagrams of 
these Cretaceous sediments the only second maximum is that representing 
the clay portion, but that this would in most cases probably disappear is 
indicated by the analyses given by Mohr.' He makes many subdivisions 
of the portion classed as clay in Thoulet's method of analysis, with the 
result that there is often a steady fall of the curve through these portions. 

'Mohr, B. C. Jul., ErgebniBse mech. analraen, etc (op. dt.). 
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An examination of the diagrams on p. 170 leads to the recognition of the 
following general effect of different conditions and agents on the diagrams. 
Most conspicuous is the diflference in the degree of sorting or sizing. The 
most complete sizing is prodnced by strong waves and by wind action 
(p. liO, figs. A, C, J, K, L). Off-shore marine sediments (p. 170, 
fig. C) are as well sorted as beach sands, differing only in having the 
maximum in a finer size. A similar difference in the maximum appears 
between dune sands of temperate regions (p. 170, fig. J) and those of 
tropical regions (K, L), and though this might be due to a difference in 
the part of the dunes from which the different samples were taken, it is 
also quite possible that the prevailing winds of these tropical regions are 
stronger. 

But while the deposits found respectively under the influence of winds 
and of strong waves thus agree in their perfection of sizing, they also 
show a certain difference in that, in the product of wave action, after the 
maximum the largest portion is the next finest material, while in the 
eolian deposit the next coarsest is generally the largest' 

The lagoonal deposits may be taken as representing in general deposits 
in a small body of water in which there is much weaker wave-action and 
less room for the horizontal separation of sizes than in the ocean. Conse- 
quently sizing is less perfect (p. 170, figs, E, F), 

Biver sediments in addition to being poorly sized tend, as explained by 
Mohr,' t'> show an abrupt rise of the carve on the left and a gentle fall 
on the right. That is, sedimentation of streams is likely to take place 
from a sudden change in velocity; hence all of the coarsest and much of 
the finer material that it has been able to carry to the point of sedimenta- 
tion will suddenly drop ont. This is well illustrated by the typical dia- 
gram, M, p. 170. 

Delta deposits show a combination of this stream effect with a certain 
amount of sorting as can be seen in diagrams D and I, pi. II, but the sort- 
ing effect of wave action appears very rapidly away from the edge of a 
e delta.' 



' See further, Udden, J. A., Tlie mechanical compOBitloD of wind depoBlts. 
AugUBtana Library Fubl. No. 1, 1S9S. 

'Mohr, B. C. Jul.. Ergebnlsse mechanlscher analysen, etc. (op. clt.), p. 35. 

' See Bome of the analyses In Thoulet'a study of the Oulf ot Lyon, cited 
abore. 
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This general view of sedimentation diagrams affords a sufficient basis 
for the special consideration of the sediments discussed in this chapter. 
To turn then to samples 1 and 2. 

N"o detailed field and laboratory study of delta sediments has been pub- 
lished, to the writer's knowledge ; but from what little can be learned of 
such deposits it appears that the beds from which sanipiea 1 and 2 are 
taken show many of the characteristies of delta fonnations. In their field 
relations the rapid alternation, the extremes represented, the thin partings 
of sand, and the abundance of carbonaceous matter support this view. 
And consideration of the conditions of sedimentation in a delta leads to 
the same conclusion, for, according to the principle laid down by Johannes 
Walther, only such facies can succeed each other as can exist side by side. 
Now, in a delta there is a sharp difference between the channels and the 
waters lying to the aide of them, ao that in one there would be deposited 
relatively coarse sand, white in the other fine sediments would slowly 
settle. Then sudden changes of channel, such as would be produced by 
high water in a region with the extremely low relief of a delta, would bring 
two such facies into vertical succession, producing the type of section seen 
at this locality. The sandy partings, on the other hand, would result 
merely from the passing conditions of a single fiood without a change of 
channel. 

The mechanical analyses, also, fall in wi1^ this general view. To be 
sure. A, p. 169 {— sample 1) and E, p. 170 (=8 lagoon sediment) show a 
similarity which amounts almost to identity. But the quiet, open bodies of 
water in a delta would, in their conditions of sedimentation, be entirely 
equivalent to a lagoon, like that from which E, p. 170, is derived. In B, 
p. 169, the upper shaded portions of the five left-hand columns represent 
tlie analysis recalculated to a basis of 100 after subtracting the clay and 
silt, and in this form the similarity of the diagram to a stream sediment 
like ir, p. 170, with the abrupt rise of the curve on the left and tlie poor 
sorting, is strikingly brought out. Both these analyses therefore fit in well 
with the conditions tliat would exist in a broad delta. 

Formation of pyrite is another characteristic of such deposits. It is 
due, as noted above (Sample No. 1, Summary and Conclusions), to the ll.S 
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liberated by the decay of organic matter, but reqairee slow circulation of 
the water in which the H,S is liberated, so that the gas may not be carried 
off as quickly as it is formed. Thue pyrite grains are characteristic of the 
deeper, stagnant water of the Black Sea, and the writer has a carbonized 
fragment of wood collected from the East Biver at New York, encrusted 
with pyrite. The pyrite grains in the coarsest sediment (sample 1) 
were therefore probably carried into it from some stagnant portion of the 
delta invaded by a change of current. 

A peculiar feature, perhaps related to the pyrite formation, was noted 
in the " light " portion of sample No. 2. Black opaque, and brown trans- 
lucent carbonaceous matter was so abundant that a portion was inciner- 
ated to free it from these particles. The effect of incineration was to give 
the sample a reddish color, but a large part of the organic fragments 
remained. Evidently then they had been impregnated or partly replaced 
by some iron salt, very possibly by pyrite. 

Some such process may also account for Hie abundant clay granules 
noted in both sampleB. The flat form of many of these is against the 
assumption tliat they are merely undec<»npoBed clay fregments, since in 
that case they would more probably have been developed, in shaking, with 
rounded form. The flat shape indicates rather that they were formed in 
some mould with that shape, perhaps in the carbonaceous plant fragments, 
where they may well have shared in the impregnation with an iron salt 
shown by the plant fragments themselves. This problem, however, 
requires further study. The facts are, as far as I know, new. 

Of great geologic interest, though not bearing immediately on the con- 
ditions of origin of this deposit, is the occurrence of glauconite in both of 
the samples. It shows that conditions favorable to tiie formation of glau- 
conite existed previously even farther inland than this region. Since there 
is no trace of a glauconitic deposit, older than these beds, known in the 
region, there must have been a considerable transgression in early 
^agothy or pre-Magothy times of which the deposits have been subse- 
quently entirely eroded. 

It is further worth noting, though without much more extensive field 
study the fact must not be given too much weight, that this particular 
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facies of the Magotty occurs here at the head of Chesapeake Bay, there- 
fore just below the mouth of the present Susqnehaniia. It points to the 
possible existence of that stream in Cretaceous times. 

SAMPLE NO. 3 (FIO. C, p. 169) 
Serial Dumber : 13. 
Field Dumbef : 3-7-1B-I911. 
FornuitlaD : Hatavan. 
Locallt7 : Cbeaapeake acd Delaware Caosl. 
Appearance : Typical Matawan : black Klauconltic claT «tth little mien. 



Sample 8.9BT gm. 

Pec crnl 

Hiaplc 

Sandt ' 84.8 

Slit e.a 

Clay 27,0 

Total 98.1 



Coarae UQd 

Medium aand . . . 

Pine aand 

Tery line sand . . . 

Bxtra Hue nod . 

Total 



Light 71.2 

Hcary 28.8 

Total 97.6 

llAQtrBtic Sepikition 



Attracted at 2000 obma (glaueonlte) " fl8.7 =16.8% of rery One 

Attracted at full current 2B.61 

Non-magaetlo 0.0 I- g.grj, „, „ry line 

Magnetlle 2.6j 

Total 9B.7 



lOOO-obnu 

Attracted at 2000 ohnia, 8. 08.002 12.0 

Attracted at 2000 obma, S. G.O.002 (Rlanconite) ■ 87.1 = 14.8% of wry One 

Total eo.i 

'Total Bands by ■ummadon of parts. 

■ Tbe separation wltb the solution of density 3,002 was made to faelHtBte study of 
the rare heavy minerals. A imeJl pari of the gliiiconlte came down with thi' heavy 
mlnerala while mneb mli» remained Boating wltb the elaucoulte. The value for per. 
Centage of glauconlte after tbe separation at density 3,<X)2 Is. bowever. prol'sblT nearer 
right than before this separation, so that glnuconlte may be taken aa about U% of tb» 
very Doe sand, leaTlng about 11% of true heavy mlnerahi. 
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description of rboducts 

A. Uhdes thd Hand Lens 
/. Coane Sani 

(a) Fnlrl; well rouiKled gralDB of qnarti moitly white opaque, almost all, howcTer, 
much pitted aod corroded as II by solution. 

(b) Neit Id abundance arc rotmded concrFtiona tormed of groins of fmb-looking 
Blauconlte, quatti, etc., cemented by llmoniflc matter. 

(c) Borne of tbe quarli la of the black sranular coneretlonar; type (cf. Sample No. 13) 
Btiggestlag aecoDdary orlgtn la tbe sediment, 

II. iieaium Sand 

(a) Angular qnarti grolDs predominate, thoash lher« art atlll some ver; well rounded : 
there Is alsn more claasi'. tesa opaque quarli, 

(b) Tbe Blauconile Is mostly In rouoded grains: most of those that arc not rounded 
suggest bjr tbe irregularity or their form a secondary concretionary origin from 
botryoldal gralna. There arc a very few normal botryoldal grains all somewhat rouDded. 
Tbe proportion of gUaconlte la amatl. 

(c) There are llmoultlc sand concretions as Id tbe coarse Band but more rough and 
Irregular, less roonded. 

(d) Considerable white mica. 

If) Shell (?) fragments stained brown. 

III. Fine Sand 
Its general oppearance is dark green Isb-black, speckled, 

(a) Qturli predominantly gUssy and ongnlar, 

(b) GlaucoDlte as In preceding but much more abundant. 
<c> Ltmonltlc sand concretions as lu preceding. 

(d) Hucb white mica. 

(e) Uany black carbonoceoaa fragmsnis. 



Dark blscklsh.gray. Appear d 

B. UVDEB THE MiCBOSCOPE 

I. Vtm Flue Sand 

(1) Light 
Qnarti : feldap»r = 90 : 10 

Tbe feldspars appear unuanally decomposed. No plagloclaae was found. 
There Is little glanconlte and mien left. 
Both guarti and feldspar show much ocheroas staining. 

A grain was noted made np of Individual grain* of quarti differently oriented Id t 
dondy quarti cement of homogeneous orientation, believed to be derived (ram qaartilte. 

(2) Heavy 

(a) Attracted at ZOOO ohms heavier than S.002. 

The abundant minerals, In the approximate order of their frequency, are : 
Abundant. — Glanconlte In translucent to nearly opaque ollve.green grains, chlorite. 
blotlte unusually abandant, epldole. 

Rarer. — Garnet, tourmaline, muscovlte. stauroUte, mtlle. 

(b) Attracted at 2000 obms lighter than 3.002. 

Not especially studied. Almost pure glauconlte with some mica, 

(c) Full-current prcduct. 

A brownish-yellow, micaceous sand. 

Abundant. — Muscovite, chlorite, quarts. This Is doubtless aepaniled here on account of 
ll« heavT ocherous stain. 

Ranr. — Tourmaline, eptdote. blotite, asbestos (?). 
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(d) KaL-maEncUc 

Zlrcan and ensUtlte, abont eqaallj abaDdsDt. Kranlte wry rare. 

(e) Attracted by permanent migiiet : Halnlj ma^eltte but witb mucb chlorite, aami 
Uotlte. and a little Blaacontte. Hasoetlte In very nntciilar gratn*. 



Summary and Conclusions. — The most Etriking feature of this bed is 
the evidence of reworking of the material in it. Thus, except in the 
coaraest Band, there is ahuoet no glauconite in primary botryoidal form, 
the grains being mostly rounded. 

I think the ocherous stain of the grains tbroughoat, the sand-ocher 
concretions, and the weathered condition of the feldspars may be inter- 
preted in the same way, for it does not seem as though such products 
could be formed in a sediment as argillaceous as tills while, moreover, the 
bed itself remained black and free from ocherous stain. It seems more 
probable that they originated in a more open-teztured glauconitic sand 
exposed to atmospheric agents before its constituents were reworked and 
redeposited in this bed. 

The other principal feature is the evidence that seems to me to point 
to something like a delta facies for this bed. The factors indicating 
this are: 

1. The mecbanical composition of the sediment as shown in C, p. 169 
(c/. D and J, p. 170). The material is seen to be unsorted, all sizes being 
well represented, though the three finest largely predominate. This poor 
sorting suggests a small body of water, either a lagoon or a quiet open 
stretch of water in a delta, while the sharp rise of the curve from the fine 
to the very fine sand with a slow drop to the right has been shown in the 
general discussion of these diagrams to be characteristic of stream sedi- 
ments. 

2. The abundance of mica. 

3. Abundance of carbonaceous matter. 
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4. The high percentage of heavy minerale, especially the rather large 
proportion of magnetite. 

Finally, there are to be especially noted the black concretionary quartz 
graina which, for the present, I shall not discuss (see p. 175, below). 

SAMPLE NO. 4 <PI<3. D, p. ISO) 
Serial number : 14. 

neld number : 4-7-13-1011. 
Formitlan : Matamn, 

LocalltT : Cbeupcake and D«lawaie Canal- 
Appearance : A falrl; llsbt-srar, ver; mlcaceouB, flne-gralned. argillaceous eand : no 
glBucoulte apparent. 



Clay 2B.6 

Total 98.7 



CoarM land . . 
Medium sand . 
Pine sand . ■ ■ 
Very llDe aand 



MiGNvric Sefibation 

Hasntttc B8.1 

Non-magnetic T , „ 

Magnetite / ^■" 

Total 100.0 

DESCRIPTION OF PRODUCTB 

A. CNiiEB thr Hamd Lens 

7. Coarse Band 

Conslila of 18 flakei of white mica and one very lustrous bla«k carbonaceous Bake. 

II. itedlum Sand 
Almost all mic*. mostly white vllh soine brown and pale green flakes. Carbonaceous 
grains. No quarts could be found. 

III. Fine Sand 
Bame composition as the preceding. 

IV. Yiry Fine Bond 
See microscopic study of par Is. 
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V. E-itra Flat Sand 
Dlrtr creen mlcaccaus BsniL 

B. tjNDEB THl HiCBOBCOPa 

1. Vtrt nna Sand 
(1) Llcht 
Quart! : fe1dBCi>r = 8S : IG 
Geaeral appears oce BllTerT-graj, nlcaceaua. 
Tbe quartz firalni are at two kludi : 

(a) OlaBBj sralni with more or leaa InclusloDS. 

(b) Rougb, pitted, granular fragnenta with a greenlab tinge. Tbe green-atalned 
»arletj la, howeyer, rare. 

QlaneoDite oecnre Id pale, oliTe-Breen, traOBpareat, rounded gralua, Tery fresh looking. 
All kinds Dl feldspara except plagtoelasen wer« noted. In general appearing rather 
rough and weathered but not kaollnlied. 

(a) Magnetic 
General appearance light greenish -drab, with much muacovlte and a atrlklng absence 
of glaucoBlte and generally of dark minerals. 

Dotntiunt.^-MiiBCOTlte, chlorite, glauconlte. aerpentlne. 
£uAii(Harv. — Garnet, tourmaline. Uotlte, caldte (T). 
The blotlte appeara much decompoaed. aome of It full of black gralna (magnetite 1). 

(b) Non-magnetic 
DonlHant. — Zircon. 
Rare. — Bnatatlte, garnet, eatclte, kyanlte. 

//. Extra Fine Sana 
Appearance. BllTet-grny with a greenish tinge. 
<1) Much glauconlte In ronnd grains, green, semi-transparent, Iresh-tooklng. 

(2) Round, browolah grains specked with black. They look eiactlj like day but 
polarlie faintly. They dlDer from the glauconlte In that tbe glanconlte la clear without 
tbo bUck. granular Indualona. (Ct. Sltt (lU) below.) ■ 

III. Stit 
(1) Much <irf<"aoeo>i( material In flakes or globules. 

{2) Rounded grains of transparent, granular, clav-ltts material ol wblcb the globular 
form and aggregate polarlaallon suggest that It nay be Incipient glauconlte. 

(3) Pale, yello wish -green, ttanaparent glaacoDlte. 

(4) A few pale yellow, transparent, angular, granular, non-polarlilnt flakes, probably 

(5) Mineral gralna are common, 

(6) There are large Sates oC mica. 
47} Black earbonaceoua matter. 

17. Clay 

Appearance blue-gray. 

Pretty flne Clay with mneb flbroua material wblcb thougb dirty bro«rn and clay-like In 
appearance yet polarizes. 

The amorpbous-laoklng clay also polarises a 
minute Included mineral fragments. Indlrldua 

Summary and Conclusions. — Two characters are particularly striking 
in this Bediment. 

(1) The foremost is the abundance of mica apparent in the original 

specimen, but supplemented in the analysis by the high percentage of the 

> Note that the day wnn also fnund to havL- aggregate polarization though that may 
have been due lu Included mineral fragmenln. 
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fine-grained portions with which it goes in sedimentation, and the low 
proportion of heavy minerals, yet without a very high percentage of clay. 

(3) The second important feature is the apparent secondary character 
of tiie glaticonite. There are no botryoidal grains, all those that occur 
being rounded, and occurring only in the very fine-grained and finer 
portions. 

Furthermore there is to be noted : 

(3) The abundance of carbonaceooB matter. 

(4) The weathered condition of the feldspars, 

(5) The abundance of biotite. 

Of great general interest as bearing on the problem of the origin of 
glauconite are tlie rounded grains of substance having the appearance of 
clay and yet polarizing, suggesting a transition form between clay and 
glauconite. I shall take these up later in a general discussion of the 
glauconite below. { See p. 17G, below ) . 

SAMPLE NO. 6 (FIG. E, p. 160) 
Serial nninber : 11. 
Field Dumber : I-T-IS-ISII. 
FonnBtlon : Mttawao. 
Localltr : Cbeupeake and Delaware Canal, 
Appearance : Tellaw, mlcaceoas and allgbUy glaucooltlc aaad. 



HECHAMr 

Sample 



" Claj " (mnlnlr rellow ocher) 7.T 

Total 100.3 

totil aandi 

Coane aaad 0.2 

Uedlnm aand 2.S 

PiDe BHd 24.9 

Verjr floe aand 69.0 

Extra line sand 3.1 

Total 100.0' 

Per c*Dt of 

Light M.4 

Heavy 8.6 



Total 

> Total aaoda bj aummatlon at parla. 
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MlOHETIC BePIAITIOH 

Per Mnt ot 
totil hMvin 

Allractcd Bt 2000 ohan («lanconll«) 62.2 

Attracted at 1000 ohma 9.8 

Attracted at 200 obma (mica) 35.B 

Total »7.9 

MapKtlte sod Dan-mggnetlte each aboat 1 per crat. 

DESCRIPTION OF PRODUCTS 

A. CiJPEH THB Hand Lens 

/. Coartt Band 

Eight gralDa of guarti. of vhlcb two arv well rouDded. tbe olbers tracturcd, more or 

lesa angular and rougb. Her? aKain 11 Becma aa It the roughneaa might Id part be doe 

to solatlon actlog od the gralna. 

n. MeHum Sand 
Striking for the angnlarlty of the guarti graluB. tbougb their aarface !■ neTerth«l«n 
glossy, again saggpsting the action ot lolntlon. Tellowlah-greeD glancoDlte with 
primary botrjroidal torm Is present. There Is some ocherous staining. 

In general Ibe same as the medium sands with perhaps allghtl; mare glauconlte. 

In this site the glanconlte grains are Ip general worn, and there arc manj llmonltlc 

T". Extra Pine Band 
Very llmonltlc. 

/. Very fine Band 
I. Very Fint 
<1) Light 
Quarts : teldspar=90 : 10. 

The grains of both qnarti and feldspar have macb gUuconlte adhering to their 
surface* and penetrating Into their flssnres. There are Some rusty, round grains of 
glauconlte present, 

(2) Heavy 
(a) Attracted at 2000 Ohms 
Mostly ffloucDRltc In rounded grains, some tranalucrnt brown, others semi-opaque, 
dlrtr, green lab-yellow. 
Arreatorv, — Chlorite, epidote, tourmaline. 



(c) Attracted n 
Appearance golden-brown, micaceous. Almo] 
Accnuorv.—Serpentlne. tourmaline. 



(e) Nod -magnetic 
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BamDUir7 of H«&t; Hlnenli 
Dominoni. — Olaueonlte, blotlte. 

RarfT. — Cblorlt«, ?pI<lot«. mnBooTlte, mBKn^tltP, tourmftllne. rerpeotlne, enatBtlte, 
ilreoD. nitlle. 

II. Clan 
VtTj Itmonltic bat also wllb a coDBldemble Dbrous portion. 

Summary and Conclusions. — In spite of the fact that this ie a rattier 
pure sand with little clay the proportion of the finer Bizes of sand, espe- 
cially of the very fine, is remarkably large. 

The proportion of heavy minerals is insignificant; for if from the small 
percentage that settled at 2.7 + is deducted the glanconite there renuins 
principally biotite, which in spite of its specific gravity is not properly 
regarded as a heavy mineral. 

The botryoidal form of the glanconite in this sample indicates that it 
has been formed in place. The large proportion of glanconite is unusual. 

SAMPLE NO. e (FIG. F, p. 1R9) 
Serial number : 12. 
Plda number : 2-7-13-1811. 
FormBtloa ; MatawaD, 
LocaUtr : Cbesapeake aad Delaware Caaal. 

Appearance : Tfplcal Matawaa of MarflBD<]. A dark'gray. friable, flne-sralned, lame- 
nbat arglllaceoua sand, sbowlng glaueoolte ander rbe band lana. 

MtCaAKIClI. ANALiaiS 

Sample B.SBT gta. 

Per cent of 

Sanda 7B.4 

Slit 2.2 

Clay 21.2 

Total 96.8 



Medium aand . . , 

Fine Bsnd 

Terr line sand , 

Extra One sand . 

Total 



Ugbt 72.8 

Heavj' 26.a 

Total 88.8 

It was not at first Intended to welgb (be products of magnetic aeparatton. so t 
large amount of tbe glnuconttlc portion was taken oat for Tarlous purposes lief 
waa decided lo weigh. From tbe welgbte of tbe. other magnetic products, boweve 
weight of Kin aconite ma; be approilmaled : 

(llaaconlte about 96% of heayy porllon = about 20% of vcrjr One sand. 
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dkschiption of pkoddcth 

A. Undki thi Hind Leh» 

I. Oaarit Sand 

Contalna one gnin of flue gravel. Uost of tlie qairti gnlni are mllkj. opaque, eame 
of them itBlned Ki'^en : doubtlem bf glauconlte. A few of the gralni are perfectly 
rounded and [lollahed lllce wind-blown sand. Tbe rest are mbrouuded or rough but man; 
of them with the gloiaf " solution " surface. A gcaln of ela; with iDcladed sand grains 
looks like a ooncrellon <cf. Sample No. 3). Onl; one grain of quarts showa ItMonitic 
tiatninff. There are some traaapareat, cellular, leaMUe plant fragments. 

II. Uedlum Band 
DlSers from the coarse aand : 

(1) In coDtainlng a few ktbIdb of fceab -looking, green, batrjoldal glauconlte. 

(2) In coDtalnlng a ver? taw grains of beav; minerals Including a little mica. 

III. Pins Sand 

This portion has a "pepper and salt " appearance due to ttie abundance of glauconlte 

mixed with tbe quarts. WbUe most of the quarti Is rer; angulai tbcre are, as Id the 

preceding portions, aUll a number of ver)> well roandpd grains. Uost of the glauconlte la 

very freab looking, bnt a good deal of It nevertbeleas shows rounding bj wear. 



T. Sttra Fine S 
Dark greenlsb-gra;, mlcaGeans- 



Light greenish-gray, micaceous. 

B. Unmk laa HicHOSCOpn 
/. Tery F<«« Aand 
(1) Light 
Quarti ; feld>par=90 : 10. 
The striking fiatures are: 

(a) The abaence of llmonltlc atalnlnt. 

(b) Tbe small amonnt of glauconlte along cleavage craclia and fissures. 

(SJ Ueavr 
(a) Attracted at 10,000 Obms 
An Indicated abov^ tbls is principally glauconlte. The minerals Identlfled a 
toarmaUne, deep blue chlorite, staurollte, epldote, maseovlte, blodte, mtlle. 

Common. — Tourmaline, rutlle. 
Aare.^Blollte. epldote, snstatlte, quartz ' 



The glauconlte In tl 

III. em 

Here the glauconlte Is In IrreKular flakes. The product therefore I 
qnaljtatlve though not a quantitative signlflcsnce. 
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IV. Clay 
A, normal, pate-looking, blue-Krar clay Bbowlog under tbe mleroaeap« few mlDCral 
(ralDB. but alao leir of the polarlilng Sbroui partlcEe* wblch appear to be cbaractetlatic 
of moat of tbe Clay* ; It is mainly amorphoua brown matter. 

Summary and Conclusions. — This is a typical, nonoal sample of the 
Uatawan of this region and as such offers little requiring special com- 
ment here. The conditioii of the glauconite in it seems to prove that the 
glanconite is primary, so that this sediment repres^its lithologic condi- 
tions imder which glanconite may be formed. There has been very little 
secondary action of any kind as is proved by the absence of limonitic and 
of glanconitic staining, while the sharpness with which the separation of 
clay and sand could be made confirms this conclusion. 

The seeming argillaceous concretions (see coarse and medium-grained 
sand) should be noted. Noteworthy, also, is the small amount of carbon- 
aceous matter. 

akiiFUBB NOS. 3, *. S, AND S 

Oeneral Summary and Concltisiona. — These four samples aie from one 
locality and section and were taken in order to find what the anolyaee 
might show to supplement their field relations. The results are inter- 
esting enough to justify a special diBcuseion here. 

Following is the field section, beginning at the top : 

Fe«t 
(6) A capping of post-Cretaoooiui gravel and diagonally (current) 
Iwdded sand. 

( 4 ) Yery glauconltlc, yellow, aomewhat arglllaoeoiie sand 2-3 

Sharp contact with 

(3) Very glanconitic, gray, argUlaceoiiB sand (Sample 6) 6 

Bed 3 seems to grade Into bed 2 although an appearance of a 
sharp contact la given by a thin line of Itmonitic staining separat- 
ing the two beds. 
<2) A light yellow, glanconitic sand containing little clay In the upper 
part hot growing more argillaceous and gray towards the bot- 
tom (Sample 5) 12 

About 2 feet at the top are filled with tubes K inch In diameter, 
running through the sand in all directiODs and containing very 
glauctmitlc eand. 
Sharp contact with 
<1) A dark gray, micaceous, gUuconitic, argillaceous sand, growing 
less micaceous and more glauconltlc towards the lower part Ex- 
posed to base of section 6 

(Sample 4 = upper micaceous part.) 
(Sample 3 = lower glauconltic part.) 
10 
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Considering the field section and the analyses together we find that they 
fall very naturally into two distinct types. 

A. That represented by samples 3 and 4 = bed 1; micaceous material, 
with reworked glauconite and much carbonaceons material. 

B. That represented by samples 5 and 6 = beds 2 and 3; typical 
Matawan beds, with glauconite evidentiy fonned in place. 

The resemblance of type A to the Msgothy as at Betterton (see 
samples 1 and 2) is apparent, with the marked difference, however, 
that there is here no rapid alternation vertically in the character of the 
beds. Without paleontological evidence it is moreover not certain that 
bed 1 here is not Magothy, though just as there was evidently glauconite 
formed before the formation of the similar beds of the Magothy at Better- 
ton, so there is no apparent reason why in the midst of the glauconite 
formation of the Matawan there should not be a facies similar to the 
Magothy. 

While the present state of our knowledge of sediments does not allow 
a definite classification of these beds, I tiiink it is evident that bed 1 repre- 
sents more of the river delta type of deposit while beds 2, 3 and 4 repre- 
sent the more quiet conditions under which glauconite is formed. 

Considering these two groups we find at iirst glance a remarkable lack 
of difference in the relative proportion of sand and clay and in the per- 
centage of very fine sand, but the striking difference is in the distribution 
of the other sizes. Thus in what are tentatively called the delta type there 
is very little material coarser thun the very fine, this portion forming the 
maximum and appearing in the diagrams (figs. C, D, p. 169) with the 
abruptness characteristic of delta and stream sediments (cf. figs. D, I, J, 
p. 170) ; at the same time the abundant extra fine gives a transition to the 
clay — a feature which from liiese same diagrams on p. 170 is seen to belong 
more to this type of sediments. 

Samples 5 and 6 (E, F, p. 169) on the other hand, while they show some 
marked differences from each other, have in common a clear antithesis to 
samples 3 and 4 in the two features just enumerated, that is, there is a 
more gradual gradation through the coarser sizes to the maximum in the 
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very fine, and a more sudden drop to the fine, features which from the 
diagrams on p. 170 are seen to cliftertintiate open-water sediments from 
those of deltas or streams (compare figs. A, C, E, with D, I, J, p. 170). 

Furthermore, while at first sight the proportion of heavy minerals 
shows no consistent diflferenw in the two groups, it is found when glau- 
conitc is deducted that the percentage of heavy minerals in the glaueonitic 
type is only 2%-3%, while in the " delta " type it is about 8%, Besides, 
the deduction of glauconite is much more significant in the glaueonitic 
t^pe, since here it is not an imported mineral. But while in its fresh con- 
dition glanconite has generally a specific gravity considerably less than 
2.7, it is questionable whether the material in bed 1 had not already 
become partly decomposed, and thus actually a heavy mineral, before it 
was transported into bed 1, In sample 3, which is the portion of bed 1 in 
which glauconite is particularly amundant, both the glauconite itself and 
the ocherous staining of other minerals support this belief, as I have indi- 
cated in the discnssion of that sample. 

As to the history of the succession that can now be worked out for this 
section I should first question the field determination of a sharp contact 
between beds 1 and 2. On the contrary, since bed 1 is very argillaceous, 
and bed 2, while it grows more sandy towards the top, is also argillaceous 
at its base, it seems more probable that there was here a transition, though 
it may have been quite sudden. 

Then we have in bed 1 the evidence for the exposure of an older glau- 
eonitic bed to the atmosphere vrith partial decomposition of the glauconite 
and ocherous staining of the other grains. This bed was attacked by the 
stream which deposited in its delta the material of bed 1, while through 
deepening of the water or reduction in grade of the supplying stream the 
material gradually grew finer. Ultimately by a continuation of this evo- 
lution the waters became quiet and clear, and favorable to the formation 
of glauconite. Under these circumstances beds 2 and 3 (samples 5 and 6) 
were formed, but the conditions controlling were, at noted above, not in 
all respects similar for the two beds, A glance at E and F, p, 169, and com- 
parison with the figures on p. 170 show at once the essential grouping of 
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the differences. Bed 2 (sample 5, fig, E, p. 169) is of the well-sorted ^rpe 
produced by strong wave action or by wind ; bed 3 (sample 6, fig. F, p. 169) 
shows a remajkable resemblance to the poorly-sorted lagoonal type repre- 
sented in E, p. 170. 

The facies of bed 3 (sample 6) is tiierefore easily recognized; It wms 
formed not in the open sea bnt is a more enclosed body of water, a 
lagoon, or perhaps an estuary or an arm of a bay like Chesapeake Bay of 
to-day. But bed 2 (sample 5) is harder to place. Here comparison of its 
diagram (E, p. 169) with the diagrams on p. 170 shows a reeemblance to 
diagrnm J even more striking than that of F, p. 169, to E, p. 170- This 
does not necessarily mean that bed 2 was wind-deposited. Its general con- 
forming to the rest of the section with transition probably at bottom as 
well as at top (in any case a more argillaceous composition in its lower 
part), and the fact that no striking rounding of the quartz grains was 
noted, are against this interpretation. The discrepancies can be adjusted 
if it be assumed that the difference between diagrams of wave-sorted mate- 
rial, like C, p. 170, and wind-sorted material like J, p. 170, is more funda- 
mental than mere difference between action of water and air, and repre- 
sents rather the diiferent eifects of wave and current action. That is, a 
current of water might produce the same sorting shown in E, p. 169, as 
was produced in J, p. 170, by a current of air. 

Theoretical considerations lend support to this conclusion. For 
the action of waves consists essentially in a prolonged working over of 
material of a certain maximum degree of coarseness depending on the 
average uniform conditions under which material is supplied to tlicm. 
From this they tend to eliminate all the finer material, producing a 
concentration of the coarsest- Even though their strength is constantly 
fluctuating the end result of their work is the product essentially of their 
maximum force. But a current is an actively depositing agent, and while 
it will also tend to eliminate all material that is fine enougli to be carried 
by it, the sorting it produces will be rather the result of its mean strength 
corresponding to a certain fineness of material which would be accumu- 
lated too fast to be accessible for reworking by its maximum strength. 
Hence the coarsest material brought in during periods of maximum 
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strength would represent a minor admixture to a larger quantity of ite 
average size. In this way would result the difference between marine and 
wind sediments ehown by diagrams C and J, p. liO, in that in tlie marine 
deposits, which are essentially the products of wave action, the next largest 
quantity after the maximum is in the next finest material, while in dune 
sands, which are easentially current-deposits, it is in the next coarsest. 
That is to say, in wave-worked material there would be an admixture of 
finer materia! which had escaped the maximum wave strength, while in 
current-deposits the products of their greatest strength would appear as 
the admixture and the finer material produced by their average strength 
would Borvive ae the maximum. 

That some sorting action and not the advent of coarser material is 
responsible for the presence of a smaller amount of very fine sand in bed 3 
(sample 6, F, p. 169) than in bed 3 (sample 5, E, p. IfiD) appears from 
the fact tiiat there is actually more of coarse, medium, and fine sand 
together in the argillaceous sample 6 than in the sandy sample 5. It may 
still be, in view of our imperfect knowledge of the mechanical composi- 
tion of sediments, that in spite of the divergence of sample 5 from typical 
wave-worked sediments it is nevertheless the product of deposition in 
more open water, perhaps as a result of the deepening suggested above, 
and that as deposition continued, or possibly uplift of the region replaced 
subsidence, the area in which this section was deposited became cut off as 
a lagoon or estuary. But the interpretation that the difference is due to a 
hwal current which passed over the area when the lower bed (bed 2) was 
being deposited, but disappeared before th.e deposition of the upper bed 
(bed 3), seems the more probable. 

The position of the line of limonite staining between beds 2 and 3 
is probably determined by distance from the surface and porosity com- 
bined. Such lines are common throughout the region and by their wavy 
form and lack of relation to the Uthology show that they are secondary 
and formed by circulating ground waters. 

Bed 4 may represent shallowing of the water, but as it is at the top of 
the section its sandy yellow appearance is more probably due to alteration, 
80 that in the absence of an analysis nothing definite can be said abont it. 
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SAMPLE NO. 7 (FIG. G, p. 169) 
Bcilal DumbM : IS. 
Field numbec : 3-0-12-1811. 
Formation : Hatawao. 

Locality ; Camp Foi, Chesapeake and Delaware Canal. 
Appearanca : Friable, aandf, graj-wblte nrnrl. speckled with slaaconllo. 

Mechanical Analisib 

Sample 8.4M rm. 

Treated with dilute HCI to dliK>lTe lime. 



Lime-tree re>ldue 80.3 

Lime (br dUterence) 19.8 

Total 100.0 

Per cent nf 
lime-lTM ruldut 

Sanda 87.8 

Silt 0,» 

Claj (b]r dUTerencc) 11.3 

Total 100.0 

total Mnd* 

Coara* sand O.S 

Madlam aand 18,2 

Fine UDd 90.6 

Vtrj floe SBDd 20.0 

Bitri One sand 2.8 

Total 09.8 

mj flne and 

Lltht 07.B 

Heav; *2.2 

Total M.B 

Uaonetic Si^fabation 

t 2000 ohms Ulauconlte) 8S.0 =3e.2<;( of v 

Attracted at full current, 

6% Ot TeiT One 



3.0 J 



Uaznetlte 3. 



VM-obna 
portion. 

at 2000 ohms, B. 03.002 13.0 

Attracted at 2000 ohms, 8. O.<3.002 (glaaconlte)'. . . 86.1 = 74,0% ot heaT7 = 

Total 100,0 

>A mlDlmum Talus lor BlaacoDlte In this portion, since some (Isuconlte ca 
wltb tbe part heavier thao 3.002. Therr are, on the other hand, some henv; 
especbillj mica In the part tlial <llaalr><l al 3.0D2 though Ihelr weUht Is doub 
than that ot the slauconlte that settled, (iood approxlmadons are probablj' : 

OlaucoDlte 80% of heaTr = 35% of very Ons, 
which leavea actual heatp minerals about 7% of tbe verj floe. 
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D[:bcription ok thb fuodijcts 
A. Under the Hand Lrns 
I. L4nie-tree Jtetidue 
Thia leiiaTatei In witer loto two Terr dlatloct paite : 
(1) Tec; Kliaconitlc dear unda. 
(3) Dark brown cltj (probablj wltb coaaiderable llmoDlte) whlcb floa 

n. Coar$e Band 
El^bt Ki^''" »' quarti wltb sloaa;, pitted surfaces ; ODe of them la ala 
la Buear; and atalaed brown. Some leal frasments. 

III. Jfedlum Sand 

Glaaar, ocftulir quartz ; tame ausary gralni Btalned brown aa In II ; a: 
stained green. Very Ireab botrroldal glaucanlte ; soaie rauadcd gralna o 

IV. Fine Sand 
Mneb of tbe glauconlte la roanded and more tben In III Is faded relloi 
Ibe glaneonlte la aa In III. Tbere la very little mica. 

nd 

ealbered yellowlBh. 



General appearance green. 

B. UHDBB THl MICHOSCOPB 

1, Tery Fina Battd 
(1) LIgbt 
Quarti : feldapaT=eO : 10. 

The determination of tbe praportlan of feldapara present la made difficult by the 
pceaenee of mioerala In various itageB of decompoBltlon, towards a mBsi with complex 
aggregate polsriutlon, which may be derived from feldapars. Dlfflcultlea are also afforded 
by cloudy gralna wblch may be quartille. Moat of the feldapara ace much weathered. A 
grain of plagloclaae was noted. There la much Irregular giBuconltIc alalolng of graloa, 
and glaneonlte In tbiek aeama along cleavage cracks. Many gralna of gtaaconlte ace 

(2) Heavy 

(a) Attracted at 2000 Obma, B. 0.> 8.002 

More than halt irloucDnlte. ItagneUtt largest part of remainder, many u( tbe gralna 

well rounded. Red garnet a little less common than magnetite. Epidote and atnarollta 

rather common. Some chlorite. Oceen ilrcon (7), 

<b) Attracted at 2000 Obma, S. 0.< 3.002 
Almost pare glauronite. In well rounded or botryoldal gralna, opaque to slightly trans- 
Incenl, free from coarae-granular Indualons. The botryoldal grains are very scarce. 
Tbere Ib. In addition, a very little muacovite and quant, 

(c) Attracted at Fall Current 
Tourmaline, rutUe, auglte, blotlte. muscoTlte, green ilrcon. chlorite, glaneonlte. The 
Iflowonlte In thig portion la In rough. Irregular grains, cloudy to opaque, moBtly full 
of black mineral grains. Many of the graloB that look like chlorite are found to have 
undulatory to nggregate polarliatlOD Indicating that they are In a transition stage from 
or to cblorlte. In view of the fact that glauconlte la Itself believed to be one of the 
cblocltea this may be of slgnLflcance for the formation of glaneonlte. Two small, remark- 
aUy (iiherical grains of quarlx are noteworthy. 

(d) Non-magnetic 
Moat common enstatlte. ilrcon, auglte. hornblende, apatite. rutUe. andalnslte ( Tl, The 
good preaervatlon of tbe crystal form of the rutlle la atrlklng. 
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(e) Hi«netlte 
Ver; angular, vltb a ftw Toaoded sralni. Uacb glaaeonitt locladed. 8om« garocl. 



Nothing of Intereat. MlDeral gralni, mach mlek. rlancoDlta. Very few llmonlte aakea. 

Summary and Conclusions. — Thia sample, which may be considered 
typical of the facies of the Matawan in this neighborhood, is interesting, 
first of all for its marly character, that is for the combination in it of clay 
and high lime content with glanconite. With the high lime content goes 
s great richness in fossils. I can see no reason for considering this differ- 
ence other than primary, since there is no factor apparent that would pre- 
serve the lime here more tiian in other occnrrences. Of coarse it is 
assumed that foraminifera originally occurred in all the primary glau- 
conitic rocks, but their shells would form merely a thin coating on the 
individual glauconitic grains, not a calcareous argillaceous mass through 
which the glauconite might be distributed. It is, therefore, fair to asBume 
that the bed was formed under conditions unusually favorable to the life 
of neritic shell bearing forms. 

The diagram for tlie sample ( K, p. 169 ) is that of a rather normal open- 
water ofE-sbore sediment, with sorting, however, less perfect than in 
marine off-shore deposits. 

In tile mineral composition there is noteworthy the occurrmce of sev- 
eral minerals scarce or very rare in other samples, especially hornblende, 
augite, apatite, and andalusite. The unnsnally good preservation of the 
crystal form of rutile indicates its derivation from nearby. 

The general fresh condition of the glauconite is characteristic for the 
sample. In view of this fact it does not seem probable that the irregular 
grains of glauconite with inclusions represent a decomposition product, 
for in that case some intermediate steges would be expected. Hore prob- 
ably, therefore, they are a distinct type of glauconitic product. Their 
form and ocurrence suggest analogies with the limonitic flakes in many 
samples, which are probably mainly small encrustations loosened from 
the grains on which they occur. In the same way these would be loosened 
flakes of glauconite encrustations, snob as are found on the surface and In 



lizcdbyGoOl^Ie 



Mastland Oeolooical SUIITBY 149 

cracks of many quartz and feldspar grains in this and other samples. 
While the botryoidal grains of glauconite were presumably formed in the 
shells of foraminifera, these encmatations and stains must have been 
formed onenclosed in the midst of the sediment. Though the manner of 
their formation is not yet clear tiiis difference in the conditions under 
which they developed may well account for their different appearance. 

Ooncemjng the complex chlohtic grains, also in the full-carrent 
product, I have no interpretation to suggest, but merely draw attention 
to them again here. 

8AUFLC NO. 8 (FIG. H, p. 169) 
atrial nnmber : 16. 
Field Dumber ; S-B-12-ieil. 
FormatlaD : Matiffan or Monmouth. 
LocaUty : Camp Fox, Cbeaapeakc and DelBware Ciaal. 

App«ar«ace : Fine-grained, dark-green, apecklrd land, conalderabl; wMthered and atalned 
irllh Umaulte. 

UlCBANICAI. ANALIBIB 

Samide 1.T00 gm. 

Per cent ot 

Sanda 68.8 

Silt 0.8 

Clay 11.1 

Total 100.5 

Per dent at 

t^>arae sand 0.5 

Hedlnm aand 27.2 

Fine (and 42.8 

Very fine sand SA.I 

Zxtra One sand 2.1t 

Total 99.7 

Per sent of 
verj Ine tiud 

Light 88,2 

Heavy 86.fl 

ToUl 99.7 

HiomrlC SiFUATiOH Per sent of 

Attracted at ISOO obma 90.S 

Atirncted at fall cntrent... 4.4 

Non-magnetic 0.2 

Magnetite 1.8 

Total 96.9 



Attracted at 1000 ohms. 8. Q.>S.003 8.3 

Attracted at 1600 ohmi, 8. a.<S.002 (glauconite) . . . 04.8=SS.8% at heaTy = S1.8% of 
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DESCRIPTION OP PRODrCTS 



form Is obscured. MiDjr ot tlicm 
are stained yellow, BesldeR the quarti tbere are brown, opaqae. limoDlCIc strIdi. One 
of tbese hai tbe cb a ract eristic form of an agslomerated glauconlte grain. Tbere are 
two little coDcretloDB of sand, one In a dark blaclilsh matrli. Ihe other In a yellow. 
Ilmonltlc cement like the concretioDi In sample 3. 

II. ir«Uun Band 

Tel low iBb -green, specked with dark glaucoalte. Tbe quarti ii aDgolar. Olauconite 
botryoldal. Smooth reddish-brown grains of which one or two were aeen Id the coarae 
aaDd are more cooudod here. Some of them baTe a concholdal fraetuce like limestone, 
and the fresh surface la plnklsh-wblte. Othera, probably partly decompoaad, are brittle 
and pate yellow Inalde. They dlsiolTe with eflerreaceDce la cold dilute hydrochloric acid. 
They are therefore probably eitber slderlte. or calcite or aragonlte stained by limonite. 
Their aiDootb roanded form and glosay aurfaee suggest tbeir origin Id connectloa with 
•ome organic procesB. 

III. Flat Sand 

Like II except that tbere appeara to be aomewhat more glauconlte and that moat ot the 
glanconlte Is In rounded grains. 

Uke preceding but much of tl 

B. UnDEK THn HlCBOSCOFR 

/. UgM 

Quarti : teldspar=(K) : 10. 

General appearance greenish with tome grains of gUuconlte and some Ilmonltlc stain. 
There Is mncb glauconlte along the cleavage of teldnpars and In irregular stalntng 
patches on the outside of the grains. Some of tbe glauconlte grain* seam to show 
almost their original botryoldal form. 

//. Heavv 

(1) Attracted at 1600 Ohms. 8. oa.OOS 
Dominant. — Hagnetllc, garnet (red and colorless), epldote. stanrollte. 
iforer.^-ToarmallDe, chlorite, cbloritoid (1 grain). 

(2) Attracted at IDOO Ohms, 8. a.<S.003 

Pracllcally pure glauconlte. Opaque and densely clouded grains with a yellowish 
tinge. They do not show coarse granular Inclnslons only a One disseminated [lawder 
responsible, at least in part, for the cloudlnesa. 

(3) Attracted at Pull Current 
Under the hand lens much rusted glauconlte and other rust-colored minerals. Chlorite, 
muacoTlte. blotlte, tourmsline, andalnsite, augite, apatite, rutile, enatatlte. slrcon. 
kyanlte, aragonlte. Particularly characteristic are two types of grstns to which ttae 
brown color of the portion Is largely due. These are : 

(a) A brown granular, non-polarlilng grain which looks like what I hare been calling 
limonite but which dIssoWes completely In dilute acid, wllb atrong eEenesceuce. 

(b) A brown, traaslucent mineral occurring Id Irregular forms but also In parallel 
sided (prismatic) grains. Tbe grains of irregular shspe have Imperfect, more or leaa 
andulatory eitinction. but that of tbe prismatic grains le eeDcrally perfect and parallel. 
These grains alao diasoWe with effervescence In dilute acid, but seemingly not always 
completely, leavlDg a skeleton or nucleus. 
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The odI; ezplaDntlon I bsTe for <b> la (hut tl Is arngODEte Htalned with llioDQlle. The 
tOTm and QDdalatory eitlnctton of tome of the traBmeDts of thla tjpe auegest that ther 
are parta of the ihella of some aolmal — (al la probably Bomethldg almllar, but I caDdot 
ezplalD ItB Don-polarlilog. The matter requires further atudy. Moat of the Dakea of 
mica and gralni of decomposed mloerali In this portion are alalned sreen. 

(4) Non-magnedc 
Dominant. — ZtrcoQ, eaatatlte. apatite. In Bboat equal amauDta. 
Rart. — Kyanlte, rutile. 

(S) Magnetite 
Almoat all Id angular gralds. Cantalna. bealdes, much sllgbtl; cloud;, fellowlsb-freen 
glaocoDlte. Some muacoTlte and garnet. 



General appearance 

proportions, with of course aome rare mluerala. The glouconlte la both In rounded 
gtalna and In Irr^nlar fragments. There are aome llmonltlc Oakea. 

ir. sat 

Llmonltlc ttakea are prominent In this portion. There la leia glaaconlte than In the 
extra Dne-^alned. 

V. Clay 

General appearance faint yellowlBb-gray, with not aa much llmonltlc material ai 
might be expected from the character of the rock. There ts a conalderable amount of the 
fibrous material whicb baa been found characlerlBtlc at the claja. 

SAMPLES NOB. T AND 8 

General Summary and Conclusions. — The significance of sample 8 ia 
largely in its relation to sample 7, so that it must first of all be con- 
sidered in connection vith this. 

In the field the upper part of the marly glaucoDit« sand from which 
sample 1 is taken was found to be full of pycnodont sheila much worn, 
bored, and sometimes broken. This condition seems to indicate a period 
of exposure in shallow coastal water. Together with the sharp contact 
between this bed and the overlying, it proves a diaconformity, at least 
locally. 

The most striking fact about their relations ia the almost perfect simi- 
larity in every respect except the lime content. 

The sands in the upper bed (sample 1, fig. L, p. 169) are a little 
coaraer and a little leas perfectly sorted, but in the proportions of sand 
and clay, the general relation of the different sizes and the mineral content 
there is remarkable agreement. This extends even to the proportion of 
glauconite, which is almost exactly tlie same in the two beds. The only 
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difference is a secondary one that might be expected from the loose texture 
of the upper bed as against the compactness of the lower — namely, more 
limonitic matter in the upper. But it is very interesting to note that the 
glauccmitic staining of mineral grains is not one of these secondary dif- 
ferences; nor the apparently altered opaque condition of the glaaconite; 
which would thus seem to have been produced before the beds were 
emerged. 

The two beds are thus bo intimately related that if it were not for the 
accumulation of oysters in the top of the lower bed one would be led to 
assume continuous deposition. The essential difference is in the presence 
of abundant shells in the lower bed. It may be that the somewhat less 
agitated condition of the water in which the upper bed was deposited 
produced enough difference to make the area relatively unfavorable for 
the animal life which had abounded at the time the lower bed was formed. 
In any case the change appears to have been a subtle one. 

BAMPLB NO. B (FIG. I, p. 109) 
Serlil number : 10. 
Field number : IT-S-Sg-lSIl. 
ForoMtlon ; Mllavin, 

LocalltT : Grore Point, mouth of Saaiafna RWpr. 
Appearance ; Dark blacklih.^Ta)', flne-Bralned. mleacraui. nrglllaeeoua aan<l with aama 

(cattered pebblei of fine-grained vblte qnarti too acarce to have been caught In 

analrali. 

Sample 10.780 gm. 



Total 6&8 

Per ecnt*ol 
taU) ludi 

Coarse BDOd O.I 

Medium sand 0.4 

Fine sand 0.5 

Very dne sand 45,1 

Extra One aand S3.0 



LlEbt 

Total . 
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description op products 

A. Under the Hind Lek* 

/. Coarie Band 
Nine BTliBi ol milk; quartz. Mime Ter; rouRh, other* rouaded bat Btroncl7 corodeO. 
Several black carbonaceonm flakei. 

Mucb like the coarse a 
more well roondeil rrolni IIibd the coarae aaod, some mica, aad mucti Mack earbonaeeoDi 
matter mainly tiagmenta of vood. 

Verr mocb white mica . 
there ace atlil imne ronnded cralaa. There are a tew grains of beary minerals, alrton, 
Barnet. etc. Tery mucb black carbonaceous matter ■■ above. 

IT. Terv Ftiu 8<Md 
81lTer-gm; with much mica and much line carbonaeeooa matter. It Is darker Iban the 
eitra One sand which apparentl; contains tittle carbonaceous matter. 

B, UHDn THB HlCBOSCOFk 

I. Very Flat Band 

U) Ll«bt 

Quarts : feiaspar=96+ : B— , 

It la bard to count the feldspar* la this sample on account at the asgregate polarisa- 
tion ol man; grains wblcb probably are decomposing feldspars but which eaanot be 
Identllled. However, this should be regarded as an essential character of the rock and 
with the low percentage ot feldspar shows that the decay of (h« feUtpart had advanced 
fur In this sample. 

There Is a sreat variety of feldspars present lacludlnE some plogloclase. 

The material Is chsraeterlsed by a dirty yellowiab staining of the grains neither 
oeherons nor glauconltle but In a very few cases looking like remnants of a glauconltic 
stain. There are a tew chlorlttc grains which, however, show aggregate. Incomplete, or 
undulalory polsrliatlon, and some very pale greenish-yellow without noticeable bire' 
frlngence. 

There Is considerable muscovite. No glaueonlte was found. 

(2) Heavy' 
(a) Magnetic 
Domlnantly mnscovlte with abundant chlorite and blotlle. A very little garnet and 
tourmaline were found. 

(b) Non-magnetic 
Zircon. 

II. Extra Fine Band 
Floe gray Isb- white aand. Quite pure, unstained quarts and feldspar with some 
scattered cartwn and a few grains of green chlorite In evidence. 

III. sat 
Darker gray, more micaceous thsD II. Under the microscope like the extra line sand 
with more carbonaceous matter and more mica. There are many of the pale yellow 
chlorltlc gralna that were obaerved In the very flue light portion. 



mple examined for minerals so that the IdenllUcatlon Is probably 
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Summary and Conclusion. — The prominence of fine-grained materia) 
in the sample and the abundant mica and carbonaceous matter recall the 
Magothy formation of this region, but it differs from the Magothy in the 
field by occurring in massive beds, while the Magothy is thin-bedded or 
laminated, ^toreover, there are marked differences in the composition of 
the material. Its diagram (G, p. ICO) is peculiar in that while it shows 
almost only line material the nearly equal proportion of the different sizes 
is strilting. The abrupt rise of the " curve " on the right is a character, as 
already noted, of stream sediments, but the stream sediments shown in 
diagram M, p. 170, do not show so large an admixture of clay to sands. In 
the study of this bed in the field a peculiar mottled effect of light and 
dark-gray portions, which on close examination were found generally to 
consist of cylindrical tubes of the light sand running at random in more 
or less Tertical directions through a matrix of the dark sand, was noted. 
They did not resemble worn tubes which are generally solid cylinders, not, 
like these, hollow cylinders filled with the dark material that surtouuds 
them. The interpretation which suggested itself at the time was that 
the sand had been deposited in the midst of reeds which after their decay 
had been replaced by clay but had bleached the sand around them. I think 
this clue leads to a diagram which while not exactly like G, p. 169, yet 
explains some of its anomalies. On p. 170 are two diagrams, G and H, of 
materials from the same general lithologic belt in the Liagoon of Thau, but 
H representing sediment deposited in a portion of the lagoon overgrown 
with water plants. The effect of such a tangle of plants would naturally be 
to produce less perfect sorting, and this is what we see iu comparing dia- 
grams G and H, p. 170, the extra fine portion having been increased at the 
expense of the clay but without an increase, even with a slight decrease, 
in the relative amounts of the portions coarser than extra fine. This 
low proportion of these coarser sizes would naturally result from their 
interception in the same way by the nearer-shore portions of the same 
plant areas. As a result of these processes then, a diagram like I, p. 169, 
though of the general lagoonal type, comes to resemble more specifically 
diagram H, p. 170, the extra fine sand and a part of the clay having been 
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increased by the holding action of a plant tangle so as to equalize their 
smotuit more with that of the very fine Band. 

Combining this conclusion with the stream character indicated by the 
sharp rise of the " curve " on the left we have here a sediment deposited 
where a stream discharged into or flowed through the midst of plants in 
some small quiet body of water. Regarding the grains of quartz in the 
coarser sizes it should be bome in mind, not only for this sample but for 
all others, that there is always the possibility, especially in near-shore 
deposits such as these, that they have been brought in by wind. Thoulet' 
has shown the transporting power of wind, a strong gale {13 m. per sec.) 
being able to carry grains over 1 mm. in diameter, and, while these theo- 
retical deductions are swnewhat invalidated by Udden's ' observations on 
wind deposits and his theoretical deduction that the effective force of the 
wind is only that which survives the friction of the earth's surface (prob- 
ably never exceeding 3 miles an hour), it is yet indicated by observation ' 
as well as theory that au occasional coarse grain is brought in by winds. 
This agent therefore may well be accotmtable for the few grains even of 
the coarsest size found in this sample ; that a current which transports 
material so very predominantly of the finest sizes should ever bring in 
these few scattered coarse grains seems very improbable, while it is reason- 
able to believe that an occasional strong wind would be quite able to 
supply them. 

The rounding of these grains which, as noted above, is a marked 
characteristic of many of the grains of the fine sand is a feature more 
common in wind-blown than in water-transported sand, and therefore also 
lends support to this conclusion. 

There is another feature of the sample, however, which is perhaps of 
even greater stratigraphic interest than the evidence of the conditions of 
its deposition. That is, tiie indications of weathering which its material 
bears, and the absence of glauconite. Since other deposits of this type 

> Thoulet, J., Aualyee d'une ponssifere ^oUenne de Monaco, etc. Annates de 
I'lnst Oc^anograpli. Tome lit, Faec. 2, Paris, 1911, 8 pp. 

'Udden, J. A., Op. clt. 

* See Tboulet'B observations. In tbe paper Just cited, on sediments off the 
Azores Bupposed to have been brought by wind from the Desert Ol Sahara. 
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have been studied and the material in them not found eo weathered it is 
justifiBble to conclude that the sands of this sample were weathered 
before they entered the bed. This would presumably be the interval cor- 
respoiiding to a disconfonnity between the Magothy and Matawan during 
which sedimentary beds from which this material was derived were 
exposed to atmospheric weathering. The absence of glauconite also tends 
to confirm this belief, for while the beds contributing it to the Magothy 
(in which it is all reworked) might have just become exhausted with the 
closing of ihe Uagothy, it is very improbable that the two phenomena 
wonld so closely agree in time, and much more probable that there had 
been a considerable interval during which either the glauconitic beds were 
completely eroded, or the glauconite entirely decomposed. 
8AUPLB NO. 10 (no. J, p. ie») 

Serial nnmber : A. 

Field Dumber ; 4-9-28-1911. 

Formation : Matawan juat below tbe coQlact vltli the Uonmonth, or baaal Uonmouth. 

U>cb11C; : Sasaafrfta Blver. 

Appearance : A ftreenlafa-j'ellaw, lumpy, CTumbly Band, full ot llmonlte spoti and wttb 
some tlngea of a laTeDder-brown ela;. Under the hand leni It ahowa rather augnlar 
quart! aaod with soiatl, ruat; sralna of glouconlte: aud thraughout the maaa, bat 
•eemlngi; related to the glauconite, an cpldote^olored ataln. On a frethljr-brokea 
surface the laTaoder-brawn arglllaceoui matter la evIdcDt. 



Medium sriTel . 

Flue (pfavel . . . . 
Sand* 



a and tlaj 10.236 sm. 



Coarse aand . . . . 
Hedlam aflnd . . . 

Pine sand 

Very flue aand . . 

Bitra line und. . 

Total , 
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Ught M.8 

Tottl lODA 

DEBCBIPTION OB" PH0DCCT8 

A. Umdib TBI Hand Lim 

I. Coartt Sand 

Grains of glany quartz and some opaque, subrounded but Bbawtni a gltimj, pitted 

■urfaee as It Bolatlon had acted on them. The oiwilue gralDS, which are probably a 

Mcch&roldal quarti of auarCiltle orlglo, are penetrated b; an ocherooi lUiu of which 

then are traces on some of the otber grnlDS. There are almost no grains that look as If 

thej had been well rounded before solution acted on them. 



seems to be a uimewhat larger number of rounded 

m. nn« Bant 
Like preceding. 

B. DHnu TKB MinoacopB 
r. Very Fine 

(1) Light 
Quarti : feldapaT=90 : 10. 

The teldapara are striking for the predominance of fresh grains {probably moitlr 
sanldlne) among them. Feldspars showing the characterlstle kaolonlsatlon along 
cleaTage cracka are ver} rare. Some were observed that had small bands of glauconlte 
arranged along cleavage cracks. 

(2) Heavy 

Among the heavy minerals glauconlls generally In weathered, brown, opaqae grains 
Is the most common. 

Common. — Msgnetlte unnsually atmndaot ; garnet very common ; epidote. 

Rarer, — Tourmaline, chlorite, stanroUte. mtlle, ilrcoQ, enstatlte, kyanlte. Striking 
Id this rock are the varieties of sIrcoD ; besides the naual colorless to pale hyacinth there 
•re Braas-green and imoke-brown lircons. 

II Bin 

The allt Id this case differs markedly from tbe 
Ilmonlte present baa gone Into the allt. while the 
fresh primary mineral gralni. 

Ill Olav 

The product called ctay la here, aa In all samples In which much Ilmonlte has been 
formed by weathering, a very Impure product containing. In addition to trne primary 
matter, much of this •ecoDdaty Ilmonlte. 

Summaiy and Conclutione. — The principal featuree of this sample are : 
(1) The prominence of the coarser sizes of sand and the marked lack 
of sorting. The diagram (I, p. 169) is distinctly of the lagoonal type (cf. 
A, p. 169, and E, p. 170) and therefore requires no special comment. It 
may well represent the basal deposit of a transgressing estuary of a large 
bay like Chesapeake Bay, or of a lagoonal body of water. 



lizcdbyGoOl^Ie 



158 The Pethogbapht and GeyEsis of Sediments 

(2) The lack of ronDding of the Band. 

(3) The very small proportion of heavy mioerals. 

(4) The relative abundance of magnetite and garnet in the heavy 
portions, a character which seems to be correlated with coareenesB and 
poor sorting. 

(6) The scarcity of mica. 

(6) The reworked glanconite. 

(7) The freshueBB of the feldspars. 

This bed differs markedly from most occurrences of Matawan mainly 
in the coarseness of its grain, and in the absence of black clay. It occurs 
in the following section as recorded in the field, beginning at the top : 

5. Monmouth glauconite sand penetrated by limonitic crusts. 

4. A marked i inch limonitic cruat separating 5 from 

3. A sandy tnmsition zone (sample 10) to 

2. Argillaceous Matawan with finely disseminated limonitic crusts. 

1. Fresh argillaceous Matawan. 

In the absence of analyses of the underlying and overlying beds this 
sample loses much of its significance, yet the field relations, and general 
knowledge of the two formations between which it lies, in conjunction with 
its own analysis, seem to point pretty clearly to its interpretation. The 
author is then inclined to regard it rather as a basal part of the Monmouth 
reworked from the underlying Matawan tlian as upper Matawan. The 
general coarseness of the material (which is of the character of a basal 
bed), the reworked condition of the glanconite, and the weathered condi- 
tion of the upper part of the Matawan, as shown by the limonite criists in 
bed 2, support this view. The distinction is rather essential. If the bed 
belonged to the Matawan it would represent a gradual shallowing, form- 
ing a transition to the coarser sediments of the Monmouth. By the other 
interpretation there was an interval after Matawan time during which 
the upper part of the Matawan was weathered, then a transgression of the 
Monmouth which accumuhited a basal layer of coarse material and 
reworked glauconite before the typical Monmouth conditions with the 
formation of primary glauconite were reached. 
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8AMPLB NO. 11 (FIQ. K, p. 1S9) 

Serial uumbfr ; IB. 
Plata Dumber : B-10-2B-1911. 
Fonoatlan : Uonmoutb. 

Locality : 8«at PI«aBBDt, Prince Ocorcc'i Countr, cast of D, C. Line. 
Appearance : A fairly llcht gTay-blaek, DDe-gralned. very mlcaeeoui, arglllBceoui ubiI, 
wltb maoT sbelU and ahell fragmentB. Thia Is one of the good fossil localities of the 
HatawBD. 

Mechanical Analisib 

Bample 7.186 gm. 

Treated with dilate tafdrooblorlc acid. p , 

Lime-free realdae 94.8 

Lime (by dlffersDce) S.2 

Total 100.00 

Per cent of 
llme-lree reddue 

Sands 80.7 

Clay J8.S 



Coarse sand 0.8 

Medium land 2.0 

Fine (and 6.1 

Very One aand OO.S 

Extra fine aand 30.0 

Total 98.0 



Lljht 63.8 

Hea»j 6.8 

Total 100.2 

MAONBTTIC SEPAEATION 

Attracted at SOOO ohms {mainly glaueonlte) 4.8 ' 

Attracted at lOOD obms (mainly glanconlte) SO.S ■ 



NDQ-masnetlc 28.7 • 

Magnetite 1T.4 • 

Total 100.8 

DESCRIPTION OP PRODDCTS 

A. Umdkk TBI Hand Ittvt 

I. Oourtfl Band 

(a) Three gralna subangular to Ttry well rounded, frosted. 

(b) Four grains likewise rounded but glossy and slightly pitted as thongh corroded by 
Bolatloa. 

(c) Four gralna rough, pitted, angalar, corroded, with much greenlah-blaA clay In 
the Irregularltlea of the surtacea. This Bhows a transition from (b), aaggesUng that 
most of the grains were originally rounded, (a), (b) and (c) are of glassy quarts. 

(d) Bueary qnarti, rough. Hasured. pitted and flUed with green fflaucotUHa and Uaeh 
day ttalH. Four grains. 

'OlaucoDlte (see microscopic study below) may be taken about 37.070 of heavy=Z.6% 
of very flne. 

■ Mainly carbonaceous matter. 

■ Note the unusually high magnetite. 
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(e) Three vtrj dark grslng appacenllr ailed with black eltj ■nd green c>>iie<Hilte 
sUId. Tbeae are like Uie graliw in lample 18 wblch are believed to be itconiary qaarti. 
Under the microscope Eheae cnlna ihow bomogeneoua palarlutlon and much of the 
Included matter appesra to be mica. 

II. Uedtum 8aint 
Mainly like the coarse with the fallowing dUtecenceB : 

(a> The smaller gralna Inatead of being rounded, are sharp, fresh, angular, eTldentlr 
primarily to. Rounded grains aie. bowefer, still very abundsut. 
(b) Dark Dilaerals (mainly masnetlte and mica) begin to appear. 
<C) There are more o( the stained qonrts grains. 

III. Fine Sand 
Ctaaracteilied : 

(a) By the appearance of rather abundant, rounded. yellow-Kceen gIaucon<la gralna. 

(b) By the annuUirttv of tbe quarti. 

(c) By the fresbneas of tbe qunrtt, i. e., little stained sugary quartz and na lecrmdarv 
jralna with clay Inclusion! ware observed. 

(d) By tbe aliundance of carbonaceous frsgmenti. 

(c) By the fact that there appears to be little. If any. Increase In tbe proportion of 
dark mlaenls, except glancoalte. 

B. Unpeb IBB Micioscon 
/. Fem Fine 8<Md 

(1) Light 
Greenlab-gray with much mica. 

Qnarti : feldBpBr=95 : 5. 

No distinct seeoDdary quarts or feldspar wltb black clay InclUSloaa, though black clay 
has penetrated Into the Dsiiurea ol a few grains, eapeclally ol feldspar. Olauconlte 
staining ocema bnt la not abundant. There la no Umonlttc staining. There are here, 
as In sample 4, some of tbe rounded, clay-llfce grains ahowlng a faint aggrecate polarlia- 
tlon, apparently transition forms to glaaconlle. Glauconlte Id rounded grains mostly 
tnll of ronnd black granules. 

(2) Heavy 
The heavy minerals sre : 

Glauconlte, chlorite, mascovlte, epidote, tourmaline, garnet, ampblbole (colorless), 
■tanroUte, lolslle, rutlle. serpentine, eustatlte, slrcon, kyanlte. 

The glauconlte la tnll of black granules. Tbe chlorite and muscovlte are In the same 
condition. 

II. Extra Fln» Sand 

Dark-gray wilb many minute flakes of mica. 

There is a striking varlalloa In the slie of the materials. There are many small 
opaque spherical grains, showing a broken yellow surface by reSected light, aometUlea 
■gglomerated Into small groups. They are doubtless pyrlte or marcaslte. 

///. Clay 
Uneb short flbrous motler. Bl|ck spherules as In tbe eitra llne-gralned portion, prob- 
ably Iron sulphide. Flakes of mica. 

Summary and Conclmions. — The mechanical composition of this sample 
calls for little special comment. Its diagram shows the moderate sorting 
and the abrupt rise of the curve on the left with much slower drop to the 
right, which has been shown to be characteristic of stream deposits in 
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small bodies of water. This vould be the conclusion eveD if there were 
not such startling, almost complete resemblance between the diagram of 
this sediment (H, p. 169) and that of the delta in the Lagoon of Than 
(I, p. 170). The conditions I think may have been exactly those repre- 
sented now by one of the submerged stream mouths forming the estuaries 
of Chesapeake Bay, or perhaps by the nearer shore portions of the main 
body of the bay near the point of discharge of some stream. 

The abundance of fossils encountered here for the first time in the 
sediments analyzed conforms to such an assumption. Their good preser- 
vation leaves little doubt that they did live in place and were not trans- 
ported. 

The abundance of fossils encountered here for the first time in the 
this type as in sample 4. 

A peculiar feature is the low percentage of heavy minerals (about 
4.5% ) . But inspection of Thoulet's analyses from the Gulf of Lyon shows 
that this is so variable a feature that it must be largely dependent on the 
original composition of the material supplied. 

The field relations of this bed require some special mention. The bed 
lies directly on a white Potomac clay, with a somewhat irregular surface 
of contact but without any evidence of a coarser basal portion. This seems 
to confirm the above interpretation. For any swiftly moving water 
with strong transporting power, or any body of water with strong wave 
action, must in its progress over a land surface leave a deposit of sorted 
coarse material, if such is available. Xow, such material is available in 
the Potomac bed under consideration, so that if there had been strongly 
agitated water this coarse material must have been selected and deposited 
while the finer material was carried into more quiet water. Then as sub- 
mergence progressed, finer material would come to overly the coarser with 
a gradual transition. But If a relatively quiet body of water, deriving 
its material laterally from some nearby stream emptying into it, trans- 
gressed over a surface of such white clay, it would, it seems to me, have 
only finer material to deposit and therefore put such material down as a 
bottom layer. Even here, however, slight wave action and therefore slight 
sorting might be expected, unless the shore were lined with water plants 
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which broke up the action of the water. The loweet part of the bed might 
therefore be found slightly coarser on analysis, but no such difference 
was noted in the field. 

It is to be noted that while this bed rests directly on Potomac there 
must have been a preceding Upper Cretaceous transition over the region 
(to have furnished the glauconite which in this bed is reworked), fol- 
lowed again by a period of erosion which cut down to the Potomac beds. 

Minor features to be especially noted in this sample are: 

(1) The well-rounded grains of quartz in the coarsCt sizes. 

(S) The strongly marked solution surface on most of the coarser 
grains. 

(3) The secondary quartz grains. 

(4) The grains representing a transition stage between clay and glau- 
conite. 

(5) The abundant black mineral granules in the glauconite and in the 

™"^^' BAUPLB NO. 12 (PIO. L, p. 169) 

Serlil Dumber : 3. 

Field DomlKc : ll-S-SS-ieil. 

PoroMtloD : Monmoalh. 

Localltj : aauafna RiT«r. 

Appecnnce : Iixise. coarse, gcavell;, dark greeDlih-brown UDd witb crumUj' lumps of 

UDd In a matrli of graylili-white day. Tbe loose sand appears to be malDlr 

ronnded graliis ot yd low-stained quarts. 

UbchaniciIi Analtsis 
Sample fl,23S bid. 

FiDe iirarel 4.2 

Sand 71.1 

CUj 2S.2 

Total lOOTu 

Per eent at 

Coarse aaod 26.S 

Medium aaod «.* 

Pine und 18.2 

Vcrj Bdc sand 0-0 

Extra BDe saDd 3.0 

Total "9S.8 

Per cent of 

LIcbt 14.0 

("Rejected at 2000 ohms 1.8 

■' I Attracted at 2000 obma (tlaucoDltc) 74.5 

Total ~»0.3 ■ 

' It *u •! flrat not iDtCDded to weleh tbe products of tbii sepatatloo. Tbna tbej 
w«r* not w^^ed till atler microscopic ■tuib' wben »ome had been lost. Tber are 
riven to abow tb« tci'eat domlnaace of ilanconlte (tbe portion attracted at 2000 ohms). 
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DBSCEIPTION OF PHODDCTS 

A, Under thb Hind Lsks 

I, Ftne Orarel 

Some of tbe SS Kmlns ire quite well rouoded, otben ver; ■Dfula.r, tut even the 

angulir ouec ihow a glouf surface that susgeBti solution. Tber are all deepljr stalaad 

with fellov ocber. 

II. Coarte Sand 
The K'aaconite Is abundant In this portion, ihowlng Ita original botrjoldal (arm, but 
■Imoat all bat the smalleit grains appear more or leu complelelf ochertled. Th« quarts 
grains are Ufaa thane In Che gr&veL 0( ■peelal algnlDcance la a grain half ftldifar, 
half quartt Indicating origin from a nearby granitic rock. The proportion of rouoded 
grains la Jeis than In tbe grsTel, 

III. Medium Sand 
Differs (ram tbe preceding In that more of tbe glauconlte la worn. 

Contains some ir 

A general dark-green appearan 

VI. Efira Fint Band 
The dart'brown ilmonltlc color predominates In this. 

Til. Clav 
Tellow, llmonltlc 

Q. Cndeb thb MicnoacopB 
/. Vety Fina Sand 

(1) Light 
Quarts : feldipar=1S : 26, 

Tbongb most o( tbe feldspars, like tbe quarts grains, are atalned by ocber, the large 
proportion of fresh, unireathered fetdspers la Blrlklng. 

(2) Heavy 

(a) Attracted &t 2000 Ohms 
Almost nil glautonite, so thut the lilentlflcatlun of other minerals la dllDcull. The 
(oUoivlIig were recognlied : muscarlle, epidote, serpentine, aCBuroUts (?). Host of tbe 
glauconlte is quite opaqne, at beat only cloudllr translucent at tbe borders. 

(b) Rejected at 2000 Ohms 
Dominant. — Muscovite, enstatlte. ilrcon. 
Rartr. — Itatlle, garnet, blollte, tourmaline, serpentine, apatite (?). 



III. Clav 
The clay appears all granular, the usual flbroos portions which characterlae tbe clay 
not having been recognised. This probably means that It la mostly secondary llmonitle 
matter, not primary clay. 

Summary and Conclusions. — (1) It is especially to be borne in mind 
that there is really almost no clay present, the abimdant material classi- 
fied under this head being probably almost all limonite. 
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(3) The diagram offers little of special interest. It is moderately well 
sorted sasd, intermediate betreeu l&goon and marine conditioiis, but 
Dearer those of a lagoon. The nsoal absence in the Uonmontli of the black 
clay peculiar to the Matawan combined with tiiis fairly good sorting sug- 
gests more open water conditions, that ie, probably a more general anb- 
mergence. The most striking feature of the sediment is its great coarse- 
ness vhich, with its regular bedding and uniform lateral extension in the 
field, points to near-shore conditions for its formation. This leads to the 
third important feature to be noted, namely, 

(3) The fact that in such shallow near-shore conditions glauconite is 
present. This is so contrary to the usual assumption of quiet waters for 
the formation of glanconite that one is mclined to believe that the glau- 
conite is reworked from adjacent shore blnlfs, but in that case evidence 
of wearing of the glauconite grains would be expected. Still the author 
does not believe that any modem glauconite-bearing sediment as coarse 
and as free from clay as this has been found. 

Another possibility which suggests itself is that the sediment was 
formed in deeper water but swept by a strong current. While there are 
no data for the transporting power of currents in open water it ie doubt- 
ful that so much of the "coarse" sand could be transported by such 
means. Moreover, the regularity of bedding in the field is against that 
asBumption. 

It is a peculiar sediment and all the more interesting, not only for its 
peculiarities, but also because in its general appearance in the field it is 
so typical of the Monmouth formation of the Chesapeake Bay region. 

{4) Finally, an important feature is the high percentage of feldspars 
and their appearance of freshness. Their freshness opposes the belief 
that the material is reworked from an older sediment, while tiieir high 
proportion, as well as the grain of combined quartz and feldspar noted in 
the description of the coarse sand, point to origin from nearby.' 

' For the percentage of feldspar In different depoalta see Mackle, Wm. 
The sands and aandstones of E. Moray, Trane. Geol. Soc Edinburgh, 1896, vol. 
7, p. 149. 
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SAMPLE NO. IS {FIO. M. p. leS) 

1-9-14-1911. 

incocai (?)- 
LocatItT : South of Hlddletowii, Delawire. 

Appearance : CoarBC looac und In a weak black da? matrix ; weathering ahoiri 
be (all of matcastte. 

HlCHlHlClL ANILTSIS 

Sample 9.207 gm. 

Per cent of 
•ample 

Sanda ' 16.8 

CUr 22.0 

Total 98.8 



Coane aaad 9.C 

Hedlum aand 60.f 

Fine Band lS-1 

V«ry flae (and 6.1 

Bitni line aand G.' 

Totol 100.( 

vecT fine 



U^t . 



Total 



Oraylah-whlte. Almoat all grains are colored br bla<A clay occurring In the 
Inesularltlea of the aarface- The aalutlon effect on these sia!n« la evldentt; ao atroni 
that It almoat obacurei the original (orm, producing a gloBV hut ler; Irr^ulat, deeply- 
pitted anrface. Moat of tbe gralna are of dear guarti bat a leir are granular In appear- 
ance and atained dark grarlah-black. A very lew show dirty greenish italDiDg. In 
aplte of lolatlon eSeCta It la erldent that the majority of the gralni were OFlglnall; 
■uonded thougb there are aome that aa clearly Indicate an original angular form. 

II. UeMum SiMd 

Much like the coarae aand but with fewer rounded grains, few of the dark-gray granular 

grains and with aome heavy minerals (garnet, mllle T, a black, very gioeaj mineral not 

magnetite), etc. A little marcaslte In the cleavage of aome grains bat no marcaalte 

nodulea were found. 

///- Fine Band 
like the medium aand but with more heavy minerals (rutlle especially conaplcuoual 
and the grains still more generally angular. 

B. IlNDED THE MlCIt08COPB 
/. rerv Fine Sand 
(1) Light 
Quarti ; feldBpar=9S ; B. 

Feldapar much decayed. Of apeclal interest are tbe dark-gray grains of qnartz, which 
appear to be fall of black flakes like the argllleceoua matter which forms the matrix of 
the bed : these qnartz grains polarize aa units. When they are emahed tbe fragments 



■ By Bommatlon of parts. 
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arc tonnd ttill to contBln tbe blkcb flikcs which prores that tbe black material ia really 
OD the Imlde. Qralna at the same kind were picked out of tbe medinm-KT'lnrd aaad* 
(tbe dark-gra; gralDS mentloiied In tbe faaad-Ieai deacrlptlon). Some of these were 
composed of colorlesa quarti. otben showed a humoa-brown color thronghoaL Ther 
alio polarlced ai units and on cruabing showed the same dlaaemlnatlan of tbe black 
flakes throDgbout the original iraln. I hare, therefore, concluded that tbeae gralna art 
aecondary, that li, formed after tbe depositlan of tbe bed. 

(2) HeavT 

Almoat half of this portion appeared to be no^netlM, and red aamet Is ver; common. 
RaUU la aleo commoD. 

Rar«r. — Epidote, tonrmallne, prroiene, cblorite, enatatlte, alreon, ■llllmanlte (t). 
Some of tbe garnet and epidote are well raunded. 

II. Brtra Fine 

A Terr dark, brownlsb-gray, flne-gralned, yer; slightly mlcaceoos powder, ThU material 
la finer Ibau In most of the aamplea because It contalna much that aatiallr foes into the 
■lit. Under the microscope It shows much argllUceous matter In brown fioccules. 

Many imall. Irregular roundiih to perlecll; spherical oodulea of marcaslte. Borne of 
the black podules ot niarcasite are fringed by a brown, translucent, isotropic lubstanca. 
In other esses tbey ore made ap ot an agglomeration ot tiny spbernles In a matrix of 
Bacb substance. There are some chlorltlc. perhaps • few glauconltlc fragments; In 
addition ot course many quarts and feldspar grains. 

til. Clay 
Dirty brown Isb-gray. It contains much of tbe dirty. Bbrous, polarlilag material besides 
the uioal amorpbouB brown flocmleut matter, and some mlnersl grains. 

Summary and Conclusions. — This is a very peculiar and diatiuct sedi- 
meot and must be tbe product of special conditions vhich are only partly 
brought out by the above study, so Uiat no attempt will be made to do 
more than indicate some of the factors in its origin. The pecnliar impres- 
sion it makes is probably due maiuly to its coarseness, its truly black 
color, its very friable condition, due perhaps to the fact that the black 
" clay " binder (it is not abundant enough to form a matrix) is not true 
clay, i. e., not colloidal, or else that the peculiar conditions under which 
it was deposited destroyed its coherence. Tbe abundance of sulphide 
(presumably marcasite) and coarse brackish-water features of tbe fauna 
sustain tbe impression of something unusual. One would say a very stag- 
nant lagoon, estuary or delta, yet the diagram (M, p. 169) does not bear 
this out, for it suggests good sorting, quite as good, excepting for the clay, 
as in the open-water marly Monmouth (sample 11, K, p. 169). But in con- 
sidering the sizes involved it is noticed that there is in all the diagrams 
presented not another one (even marine beach sand) which has the maxi- 
mum in a portion so coarse as the medium sand (1^ mm.) It might be 
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that a swift stream could deposit in its delta a sediment with so niucli 
coarse material, but the type of dia^am is too far from that of a delta to 
make such a belief tenable. 

Before attempting to adjust these facts some of the peculiarities 
observed under the microscope should be considered. Foremost among 
these are the grains of what are called secondary quartz. Humus waters 
are known to have a strong solvent action on silicates and on silica. The 
brown, humus coloring of some of the grains of secondary qnartz and the 
envelopes of the same color surrounding some of the marcasite spherules 
suggest the presence of such matter; yet no carbonaceous matter was 
found in tlie bed. Moreover, while decaying animal matter might have 
precipitated the marcasite, the apparently disseminated occurrence of 
these spherules and the fact that in the field they were not seen to be con- 
centrated about the fossils seem to demand some other agent. The 
assumption of alga- would meet these conditions and be in harmony with 
the general stagnant-water character of the bed. If, however, the pre- 
cipitation of iron disulphide is attributed to the animal matter the 
secondary quartz might be accounted for by the former existence of a 
swamp overlying these beds from which descending humus waters could 
have produced the secondary quartz, but the knowledge of these processes 
ia still too imperfect to permit of a very tmstworthy explanation. 

While the assumption of origin in place of the quartz grains described 
seems to be demanded by their internal structure it should be noted that 
this interpretation meets with a serious difficulty, that is, the outer 
form of the grains. This form ia that of the normal quartz grains in the 
deposit, in part rather rounded, in part angular. If they formed in the 
midst of the bed it does not seem as though they could have found the 
space to grow freely; they should rather have involved adjacent grains, 
and the ends of the other grains so involved should give the secondary 
grain a rough agglomerated appearance. On the other hand, if they 
formed in some organic mold there should be more regularity and uni- 
formity to their shape. Field sections throw little light on the problems 
as there are only a couple of feet exposed both vertically and laterally ; 
the only character noted is the presence of fine horizontal clay films on 
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which fossils are particularly abundant, indicating fluctuations in the 
conditions of deposition. 

In eoniming np it becomes necessary to neglect the diagram entirely 
and to reiy on the general physical characters. Here the evidence of much 
humus, the high sulphide content, and the peculiarities of the fauna 
are indications of a very stagnant, brackish hody of water, perhaps sur- 
rounded by swamps or filled with disseminated algal growths. The 
region was evidently near enough to some stream to be affected by fluctu- 
ations in its transporting power resulting in the separation of sand layers 
by clay films and layers of fossils. But the best explanation for the 
peculiarities of the diagram of this sediment is in just these secondary 
grains. It is their development that can account for the coarseness of the 
sand, and one may even assume that they had reached a certain average 
size, between 1 mm. and i mm., to account for the maximum in that size. 
This interpretation is very hypothetical, but it is the best combination 
that presents itself for the various partly conflicting factors that are 
involved. The questions presented require more detailed and extensive 
study, 

Qbneral Sumhaht and Conclusions 
The special features of each sediment having been discussed, it remains 
to sum up the conclusions arrived at and to give a general review of the 
glauconite in the different samples. 

CLASeiFJOATION OF THE SEDIMENTS 

In the discussion of the 13 sediments studied in this paper three types 
have been differentiated: (1) The delta type; (2) the estuarine or 
lagoonal lype; (3) the open-water glauconitic type. The character of 
each may be briefly summarized as follows : 

The delta type has as its foremost characteristic the large proportion 
of 8 wide range of sizes of sand which a single sample taken from it con- 
tains. In the diagram this is expressed by a broad cur\e with no pro- 
nounced maximum. This character is not very markedly affected by the 
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ratio of sand and clay in the sample, a bed high in clay and low in sand 
containing almost as large a proportion of coarse material in the sand as 
does a distinctly eandy bed. With this wide range in the size of the sands 
there probably also goes, generally, a high ratio of heavy to light minerals, 
and to a certain extent an abundance of magnetite {cf. samples 1-3). 

This statement concerning the magnetite is made somewhat donbtfoUy 
because there is definite evidence for it only in sample 1; it may be 
tme also of sample %), but there the mica is so dominant as to leave 
the percentage of minerals, more certainly classed as heavy by their 
settling properties, relatively small, and it may also have caused the 
magnetite to be overlooked. Abundance of magnetite is, moreover, char- 
acteiistic of sample 11, which must be regarded as a rather typical 
example of the estuarine type. In the differentiation, at least of two such 
closely related l^pes, therefore, the proportion of magnetite must not be 
given much weight. A high percentage of heavy minerals in general 
seems more likely, however, to be a characteristic of the delta type. 

A great abundance of carbonaceous matter is another characteristic 
of this type, for which, however, the evidence given in these analyses is 
only qualitative. With this goes the formation of pyrite, or more prob- 
ably marcaaite, which, as will be shown later in the discussion of glau- 
conite, is an alternative product to glauconite, formed in the presence of 
abundant organic, especially humus matter. It should be noted, how- 
ever, that as abundant humus matter is also characteristic of many 
estuarine deposits, so marcasite is found also in these (samples 11 and 
13). Furthermore, since the recognition of an opaque mineral of this 
kind under the microscope is difficult, it is probable that it has been over- 
looked in some samples in which it might be found if it were especially 
soiight. 

Finally, the form of occurrence in the field is very important for the 
differentiation of this type, which is characterized by thin-bedding, by 
extreme difference in the proportion of sand and clay in adjacent beds, and 
by the occurrence of thin sand partings representing, doubtless, tempo- 
rary stream floods. Moreover, in the argillaceous beds the abundance of 
mica is usually a conspicuous feature in the field, little streams of carbon- 
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aceotis matter occur, and the high percentage of magnetite is sometimes 
noticeable. 

Under the glauconitic-sand type only the three samples, 7 and 8 
from the Matawau, and 12 from the Monmouth, will be considered. 
Foremost among the characters of the gUnconitic sands is their coarse- 
ness and the accompanying low percentage of clay. The figures for the 
clay unfortunately do not bring this out as clearly as they should, on 
account of the great amount of ocherous matter present, which tends to 
be separated with the clay. With these striking characters goes better 
sorting of the sands, that is, a more sharply defined maximum in the 
diagram, and generally a lower proportion of heavy minerals (the glau- 
conite having been deducted in these samples on the assumption that it 
was formed in place) . 

What is called the estuarine type lies between these two other types, 
and therefore, naturally, shows transitions to both of them. Thus, 
sample 5, the sandy yellow glauconite bed in the Matawan, would, but 
for its associations, be classed unhesitatingly with the group of glau- 
conite sands. Indeed, an estuary or lagoon from its very nature can 
readily become an open body of water, and there is no reason why this may 
not be assumed to have happened here. There is the characteristic sorting 
of the sands, the only difference from the other glauconitic sands being 
the greater fineness of the maximum size ; but there is no reason for believ- 
ing that such a character cannot belong to a typical glauconite sand ; and 
the limited number of analyses of ^^ical glauconite sands does not justify 
making a contrary generalization. 

The most conspicuous feature of what is called tiie estuarine or lagoonal 
type is of course the characteristic black, argillaceous appearance of the 
Matawan, by which it is so readily recognized in the field. The cause of 
this coloring is one of the unsolved problems in the study of these deposits. 
In the normal samples of this type the clay itself, when separated, is of the 
ordinary blue-gray color. The black color cannot be attributed to organic 
matter since that is, in the most characteristic samples, not unusually 
abundant, and moreover, it may be seen from the Magothy that the pres- 
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ence of carbonaceous matter does not tend to give that color but rather 
the bine-gray. Perhaps the color is in some way the result of the char- 
acteristic on which these beds have been differentiated, the mixture of an 
abundance of fine-grained sand with a moderate amount of clay, which 
results from the wide range in the size of the material forming the bed. 
That ia to say, these beds being predominantly fine-grained should con- 
sist mainly of extra-fine sands with much clay. But as a matter of fact, 
while most of them are very high in extra-fine sands and contain much 
clay, they contain, in many caaes, even more very fine sands, and usually 
also a considerable proportion of some of the coarser sizes. The most 
marked exception to this g^ieral wide range in sizes is sample 5, which, 
as just stai«d, is really a glanconitic open-water deposit. Sample 6, which 
is closely associated vrith sample 5, shows much less divergence from such 
composition ; while all the others satisfy reasonably well the description 
just given. Sample 9 diverges from the normal estuarine type again 
in the other direction, that is, towards the delta type; but its affinities 
with this type were already pointed out in tiie summary and discussion 
of it. To a somewhat less extent the same is true of sample 11, as 
was also explained in the summary and discussion there. These diver- 
gences all serve merely to bring out the intermediate character of the 
estuarine type. 

In conclusion, if the distribution of the three types of sediments as 
defined in the different formations is considered it is found that the 
samples studied from the Magothy are distinctly of the delta type. In 
the Matawan and in the Monmouth both the estuarine and the open-water 
glauconitic types are found. This is not surprising. Even without the 
evidence afforded by sample 10 for the Monmouth we know and might 
expect that in both periods there was transgression, and this transgression 
might well be estuarine in its basal portion. Thanks to the good section 
aiforded by the Chesapeake and Delaware Canal, the relation of samples 
4 to S is clear, and it is in conformity with this relation that the higher 
portion represented by samples 7 and 8 should be of a deeper-water type 
than the lower portion (samples 3 to 6). The stratigraphic relation of 
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the two Jlonmouth samples 11 and 12 ie not so clear, but it is perfectly 
reasonable that sample 11 should be of the estuarine and sample 13 more 
of the deeper- water 1^^ whether they are the product of different more 
or less contemporaenous facies, or of EucceBsiTe stages in a transgression. 
There is a general feature which was not taken up in the discuasion 
of the individual samples because the facts were not sufficiently signifi- 
cant. This ie the mineral content of the beds. It was thought that Bome 
light might be thrown on the source of the material by the rarer minerals : 
but their most striking characteristics are their similarity in different 
beds and their apparently nearby origin. Moreover, their resemblances are 
not only with each other but extend far beyond to such sedimentary beds 
in general as have been studied from this point of view. Many of the 
same minerals will be found to prevail, for instance, in the materials 
studied by Cayeux and Thoulet,' or in other such studies as listed by 
Andr^e.' Even common experience teaches the prevalence of magnetite 
in stream-borne sands; and epidote while less easily recognized is prob- 
ably almost: as common, is in fact said by Van Hise ' to be one of the 
characteristic minerals of sedimentary rocks. Equally, or even more 
frequent are chlorite and muscovite. Tourmaline, rutile, and zircon 
survive in almost all sediments if there is any source for them. The per- 
sietance of enstatite in these samples is apparently a more local char- 
acter but can be accounted for by the occurrence of the mineral in tlie 
rocks of the neighboring Piedmont region. It tends to bring out, how- 
ever, the predominance of minerals that might at least be of nearby origin, 
in these sediments. It is this fact which obscures other evidence and makes 
it possible to say only that the Piedmont region appears to be the source 
. of most of this material. But in this connection two important facts 
should be noted. One is that the Piedmont region is petrographically so 

' Careux, Luden, Contrlliutloii t I'fitude mlcrogr&phlqne des terrains bMI- 

mentalres. Htoj. da la Soc Q4ol. du Nord., T. tv-Z. Tboalet, J.. Etude 

bathj^lthologique des oStes du Oolfe du L1(«i. Annales. de I'lnst OcAanograph. 
T. It, Fasc. 6, Parle, 1912. 

■AndrSe, K., SedlmentblldimK am Meereeboden. OeoL Rundschau, vol. 3, 
1912, pp. 324.838. 

• Van Hise. C. R., A treatise on meUmorpUam. Mon. U. 8, Oeol. Survey, 
No. 47, 1604. 
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j varied that it could furnieh almost any of the more usual rock-forming 

I minerals; the other is a fact that is, perhaps on account of its unvelcome 

j character, all too generally ignored in work of thia kind, namely that 

{ the older sedimentary rocks — limestones, shales, or sandstones — contain 

I heavy mineralB just as do the rocks being studied, and that a region of 

sedimentar}' rocks is not going to yield, at least at a distance, fragments 

I of limestone and shale, but rather the mineral grains that were included 

in the limestone and shale. Thus the problem is seen to be a very com- 

' plicated one, in which only the most general results are readily obtained. 

j If this side of the work is to be developed it will probably be necessary 

either to find unusual minerals and trace them, or else to differentiate by a 

I close mineialogic study varieties of c(Hnmon minerals, such as feldspars, 

i angites, hornblendes, or even quartz, as Mackie has done,' and then trace 

I down to its source the particular variety thus identified. Thia requires, 

however, close study not only of the sediments but also of the rocks from 

which their minerals may have been derived, and this becomes a long 

and arduous problem. Without such work the study of mineral grains in 

sedimentary rocks does not, in most cases, yield much of value. 

It will have been noted that in all the sediments studied the coarser sizes 
of sand had a glossy pitt«d surface which seemed plainly to indicate solu- 
tion of the grains after deposition. This phenomenon appeared so gen- 
eral that it cannot be connected with the particular composition of the 
bed. Evidently the ordinary circulating ground water is the agent. The 
chemistry of the process is not understood, though humus waters are 
supposed to be particularly effective. According to the more recent 
theories, which deny the existence of himius acids, this is probably due to 
the carbonic acid. 

More limited in its observed occurrence in these samples is the deposi 

tion within the sediment of quartz from solution. The evidence for thi 

; appeared most convincing in sample 13, but associated with deposi 

I tion of silica there is here to an unusually pronounced degree the same 

solution of silica as noted on the quartz grains in most of the other 

' Mackte, Wm., The sands and sandstones of E, Moray, Trans. Geol. Soc. 
Edlub. vol. 7. 1896, pp. 148-172. 
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samples. While the coexistence of solution and deposition of the same 
substance in a bed seems at first inconsistent it may nevertheless be 
in conformity with the recognized principle of chemistry that among 
particles of substance in a medium in which they are partly soluble the 
larger particles will tend to grow at the ezpaise of the smaller. Or the 
nuclei around which deposition took place may have been in some way 
chemically different. Whether these supposed secondary grains have 
definite nuclei and what these nuclei are was not determined, though thin 
sectitms might throw some light on the question. The peculiar complete- 
ness in the form of these grains was noted and seems to be the fact most 
inconsistent with the hypothesis of their secondary origin. That strong 
chemical action is indicated by the abundant deposition of sulphide in the 
bed should be borne in mind in this connection. 

To conclude the general summary it may be said that in all the samples, 
no matter what the form of the coarser sizes of sand, there is never any 
appreciable amount of roimding below the flne-eand size (i. e., \ mm, to 
^ mm.). 

THE OLAUCONITB 

CoUef 8 ' little manual on marine sediments contains so complete and 
up-to-date a summary by a specialist on glauconite, contributing even 
some hitherto unpublished data, that it is unnecessary to enter into a 
general discussion. 

But perhaps by way of preface, since others may, like tlie writer, have 
considered glauconite a comparatively rare mineral, it will be worth 
while to draw attention to its distribution in marine sediments. So 
common is it, indeed, that Collet considers it necessary to explain its 
absence rather than its presence.' It is found more or less along the 
coast of all the oceans at depths varying from 91 m. along the northern 
Atlantic coast of the United States to 3512 m. in the Indian Ocean. In 
the red clays which cover the greater depths, it is, for some undetermined 
reason, absent. 

■Collet, L. W., Les depots marlns, pp. 132-194, 30S-306. Paris: Octave Doln, 
1908. 

■ Collet, pp. 303-306, addenda on the red clars. 
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Of the three forms of glauconite differeotiated by Collet, all three are 
fotmd in theee sediments. The grains which in this paper have been 
described as botryoidal are thoee called coats by Collet, that is, they are 
believed to owe their form to their origin within the eheils of Foraminifera. 
A very few grains were noted that had the form of other small shells, bnt 
the shellB were not further determined. The description of the products 
shows that this form of glauconite occurs mainly in the medium and fine 
sands, occurrences in the coarse sand having usually the appearance rather 
of secondary agglomerations of smaller grains, while only few if any such 
grains without signs of wear are found in the very fine sands. This dis- 
tribution nieans a range of size pretty well within the limits of 0.3 mm. 
to 0.9 mm. diameter. Collet * gives an upper limit of 1 mm. 

The second Itind of grain defined by Collet is simply a grain showing no 
trace of an original mould. To this category belong the rounded grains 
which prevail in the very fine and finer portions of sedimenta with 
primary glauconite, and which as reworked glauconite enter into other 
beds. It is generally agreed that they are derived through tlie rounding 
by attrition of the glauconite casts. 

To Collefs third type, the fragmentary glauconite, belongs what is 
here called glauconite stain; that is, the glauconite adhering like clay to 
the outside or filling the fissures of mineral grains. 

Concerning the origin of glauconite. Collet's own conclusion that the 
processes are still very little understood may be emphatically cited. But 
the facta of observation at least give much evidence as to the conditions 
under which it takes place. 

It is generally believed that a certain amount of organic matter is 
essential to the process, but an excess of it seems, on the other hand, to 
interfere. Collet' gives the formula, which appears to be generally 
accepted, by which decomposition of organic matter precipitates FeS 
(p. 171), As he explains, this FeS is believed to be capable of giving up 
its iron directly to silicates to form iron silicates, but an excess of organic 
matter interferes with the process and thus leads to the accumulation 

' Collet, L. W.. Op. clt.. p. 133. 

' Collet, L. W., Op. clt, pp. 169, 170. 
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of pynte as noted above in this summary. Whether this is due to the pres- 
ence of an excess of H,S as he mentions on page 171, or to the hmnus com- 
pounds (the existence of humic adds is now generally discredited) as in 
lake deposits ' has not been proved ; recent observations tend to show 
that certain special bacteria are factors both in the precipitation of FeS 
and in its oxidation to FeSij but whatever the process the fact may 
be accepted that in the presence of abundant organic matter in fairly 
quiet waters FeS, is formed. Collet presents for the steps of the proceee 
of glauconite formation an explanation,' somewhat simplified from that of 
Murray and Keuard, based on elaborate and extended studies of his own. 
In both theories, to start with, a colloid is assumed. Murray and Kenard 
conceive of the production of colloidal silica by the action of sulphuric 
acid derived from the oxidation of the FeS present, while Collet starts 
merely with the colloidal matter of clay. This, through the processes of 
sedimentation^ has naturally come to fill the forminifeial shells present. 
The Al of the clay is first exchanged with Fe, and this new compound 
combines with potassium present in the sea water, and also with some 
water, to form the glauconite. In support of this theory Collet finds 
many intermediate stages from grains having the appearance of fresh 
clay to grains turned increasingly deep brown by taking up iron. The 
writer's observation of grains having the form of glauconite, the appear- 
ance of clay, but an aggregate polarization, was made vrithout any knowl- 
edge of Collet's observations and is therefore independent testimony in 
support of this view. 

The occurrence of similar material in sample 11 (p. 160, above), which 
contains FeSj (tnarcasite ?) , is perhaps more questionable. Moreover, on 
reviewing the sediments as a whole, the writer is not inclined to consider 
the little clay accretions or nodules in the sulphide-bearing samples 1 and 
2 as related to the glauconite. On the contrary, in view of the impregna- 
tion of organic fragments with some iron salt (probably marcaaite) that is 
shown to have taken place there, it seems more probable that this same 
mineral is responsible for the clay nodules. In fact, these questions can be 

'Collet, L. W., Op. oit., pp. 178, 179. 
• Collet, L. W., Op. clt, p. 178. 
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solved only by getting different stages in the processes involved, and 
perhaps by chemical analysis, and the present obsetvations are not con- 
sidered as sufficiently extended to give ground for interpretation of the 
facte observed. 

In view of the very undeveloped state of knowledge of the actions of 
colloids, the uncertainty about the processes involved in the formation 
of glauconite is very comprehensible. The known power of colloids to 
absorb without chemical combination variable amounts of different sub- 
stances may also account for the indefinite composition indicated by 
analysis. Against this apparent variability Collefs protest' that most 
of the samples analyzed were not made up of perfect glauconite seems 
invalid since his only criterion was fresh green color and, and tiiere is 
no evidence that within material of this green color there are not imper- 
ceptible variations in degree of what he himself (p. 176) calls " glaueoniti- 
zation." Indeed, the wide difference in tone between samples of glauco- 
nite from different localities would seem to indicate that there is such a 
variation. The only analysis that could by itself definitely be set up as 
establishing the composition of glauconite would he of good crystals of the 
substance, bat recognizable crystals identified as glauconite are so rare and 
so small when they do occur that chemical analysis has not been possible' 
Moreover, it may well be that glauconitization does not tend at all toward 
the formation of a single definite compound and that different glauconit«s 
are only different members of a series like the chlorites to which they are 
by some supposed to belong, or like other micas. That this is probable is 
iodicated by Collet's discussion' of the crystal identified by Caycux. 
which he shows has different optical properties from others that have 
been described. 

However, there is strong evidence in favor of Collefs view of the 
process. First of alt, it seems certain that it must start from clay, since 
the foraminiferal shells are sure to be filled with that substance by the 
progress of sedimentation, Murray's assumption of sulphuric acid to 

' Collet, L. W., Op. cit, p. 167. 

* See dlscuselou ot determined crystaU la Collet. 

• Ctollet, I-. W.. Op. clt., p. 186. 
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decompose this clay, as the initiation of the process, appears paradoxical 
since the acid would first of all dissolve the shells forming the mould and 
thus allow the as yet unaltered clay at once to disintegrate. 

These processes, moreover, seem to account for much of the glanconite 
stain, that is, the glauconite forming patches and fissure fillings on and in 
the grains of quartz and feldspar associated with K'anconite. It is, of 
course, possible that glauconite is formed as a iine powder from the loose 
clay outside of any enclosing hody, and it may well be this glauconite 
that forms adhering patches on the outside of some grains. But any 
fissure into which this could penetrate would surely be filled long before 
by fine argillaceous material, so that here again it seems that the glau- 
conite in the fissures of quartz and feldspar must be formed by the alter- 
ation of an argillaceous product. The onusnal thickness of some of these 
seams in grains of feldspar, moreover, suggests that they are more prob- 
ably derived from the alteration of kaolin formed in the fissure by the 
alteration of the feldspar than from clay introduced from outside, since it 
is very improbable that an open cleavage crack of that width would exist in 
a grain of feldspar. 

Concerning the two closely related problems of inclusions in glau- 
conite, and decomposition of the glauconite, the present observations 
afford only confirmation of recognized facts. Thus the decomposition of 
glauconite to yield limonite is generally accepted and is conspicuously 
evident in tlie open-textured Monmouth sands. The clouded appearance 
of the grains of these samples under the microscope is doubtless the result 
of this process. The occurrence of clear, fresh-looking grains in the 
samples of Matawan from the Chesapeake and Delaware Canal (samples 
3 and 4) is on the other hand probably due to the protective action of the 
clay in which they occur. 

Olauconite with inclusions of black grains (pyrite or magnetite') 
were observed only in samples 8 and 11. In sample 8 it Is note- 
worthy that the micas, too, are full of black grains. Now, magnetite 

* The dlfferentlatton of pyrite and magnetite from each other when ther are 
thus Included In glauconite le, ot coarae, dlfflcnlt or Impoasible without chem- 
ical means. 
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is s decomposition product of biotite, and biotite may also be bleached or 
converted into chlorite, so that the micas present in this sample might 
all be derived from the decomposition of biotite. On the other hand, 
this bed is also sulphide-bearing. Cayenx has suggested that pyrite and 
magnetite might be introduced into glauconite grains subsequent to their 
formation, but not, presumably, in a loose sediment of this kind. Collet 
notes (p. 160) that those inclusions in glauconite are more common in 
ancient than in modem sediments. Might not these black grains, then, 
be magnetite produced by decomposition of the glauconite as it is pro- 
duced in biotite ? 

There is one fact specially noteworthy about the glauconite sands of the 
Uonmoath, that is, the coarseness of the accompanying sand. The asso- 
ciations in the Matawan are normal since Thoulet found it even in the 
narrow coastal strip of the Oulf of Lyon which he studied,' but its occur- 
rence in sediments as coarse as these (in fact as the whole Monmouth and 
Eocene of this region) is not recognized in modem sediments. On the 
other hand, there is no theoretic reason against such an association. 

According to Collet the feldspars associated with glauconite are pre- 
dominantly basic, of about the composition of labradorite. While no spe- 
cific identification of the feldspars present was made the writer's observa- 
tions do not at all confirm this conclusion. The twinning characteristic of 
plagioclaae feldspars was exceedingly rare, and &e index of refraction of 
the feldspars was, moreover, almost invariably lower than that of the 
liquid (1.548) in which they were immersed, which would imply nothing 
more basic than oligoclase. These observations do agree, however, in that 
orthoclase seemed to be scarce. 

The degree of weathering of the feldspars in the glauconitic samples is 
very variable, and is in these ancient sediments doubtless determined 
largely by secondary effects after their exposure. This belief is con- 
firmed by the fact that feldspars are scarcest in those samples (9 and 
11) which show clearly their derivation from the erosion of a deposit 
previously formed, which in the interval before it was reworked must 

' Thoulet, J., Etude batbylltbologlque des oOtes dn Qolfe du Lion. Aanales 
de I'Inat Oc^aoograpti. T. Iv. Fasc 6, Parle, 1812, p. fi2, et »eq. 
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have been exposed to atmospheric weathering, and at that time probabl; 
lost a part of ite feldspars by decomposition. Generally the feldspars are 
about iO% of the light portion. The high percentage (855&) in sample 
10 is probably due to derivation of the material from nearby. 

The observations on mica also agree in a general way with Collet* s con- 
clusions in that mica is not abundant in the samples with primary glau- 
conite, while in very micaceous samples primary gtauconite does not 
occur. But tliis may be due mainly to the fact that the glauconitic 
sands are usually coarser and in such coarse sediments mica is generally 
more scarce. More advanced decomposition of the mica in glauconitic 
samples was not noticed. 
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BIOGRAPHY 
Marcus Isaac Goldman was born in New York City, January 11, 1881. 
He received his schooling in the Sachs Collegiat« Institute in New York 
and entered Harvard College in the iail of 18!f~, receiving the degree of 
Bachelor of Arts in 1901. A geologic excursion of the Harvard Summer 
School in 1900 from Bozeman through the Yellowstone National Park 
having centered his interests on geology, he devoted an additional year to 
the study of that subject in the Lawrence Scientific School of Harvard 
University and received the degree of Bachelor of Science in 1902. The 
following summer was spent as field assistant on the United States Geo- 
logical Survey in mapping the Waynesburg and Beaver folios in the 
bituminous coal region of southwestern Penni:ylvania. Intending to take 
up the economic side of geology, he entered the School of Mines of Cotum 
bia University in the fall of that year and received the degree of Engineer 
of Mines in 1905. But additional courses in stratigraphy and paleontology 
under Professor Grabau, taken while he was in the School of Mines, had 
awakened particular interest in that field of study to which he then 
devoted the following year. From July, 190C, to April, 1907, he acted as 
assistant to .1. E. Spurr in geologic work for the American Smelting and 
Refining Company on their properties about Velardefia, State of Durango, 
Mexico, but returned as junior geologist to the United States Geological 
Survey in the spring of 1907. The summer of 1907 was spent in classifica- 
tion of public coal lands, as assistant to R, W. Stone, in the region of the 
upper Musselshell River, Montana, and the following summer in the same 
work in the Colorado Springs coal field, Colorado, In April, 1909, he 
went abroad to take up especially the study of the problems of the origin 
of sedimentary rocks under some of the leaders in that subject in European 
universities. A semester and a half was spent with the foremost student 
of those questions. Professor Johannes Walther, of the University of Halle, 
Germany, where he occupied himself especially with the study of the 
Upper Cretaceous transgression in Saxony and the adjacent region of 
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Bohemia. In February, 1910, Professor J, Thoulet was kind enough to 
receive him as a guest in his laboratory at the University of Nancy, France, 
where he learned the methods used in the analysis of sediments. At Pro- 
fessor Walther's suggestion, and largely through his efforts, he was 
enabled to spend several weeks in April and May, 1910, at the Zoological 
Station at Naples where, besides gaining some general acquaintance with 
the conditions of life of marine organisms, he began observations on the 
effects of the work of burrowing and mud-eating marine animals. A pre- 
vious arrangement with Professor Thoulet called him away to assist in the 
collection of bottom samples in the western part of the Gulf of Lyon. The 
rest of the summer of 1910 was spent in field excursions with Professor 
Grabau and geologists of the Scottish Geological Survey in Scotland, and 
in attending the International Geologic Congress at Stockholm. The 
following winter was passed in Paris, especially in the study of the Cre- 
taceous paleontology at the Sorbonne and the School of Mines, with field 
trips in the Tertiary of the Paris Basin, a brief visit to the Cretaceous 
of southeastern England, and some particularly valuable excursions with 
Professor Cayeux and his students to various parts of northern France. 
In May, 1911, he returned to enter The Johns Hopkins University and 
take up the study of the Upper Cretaceous of Maryland, of which some 
of the results are presented in this dissertation. 
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